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1.0 INTRODUCTION

This Corrective Action Plan (CAP) for Underground Storage Tank (UST) Site 43402, Marine
Corps Base (MCB) Camp Pendleton, California (Figure 1-1), was revised by SES-TECH, a joint
venture between Sealaska Environmental Services LLC and Tetra Tech EC, Inc. (formerly Tetra
Tech FW, Inc.), pursuant to a request by the California Regional Water Quality Control Board,
San Diego Region (RWQCB) in a letter dated February 1, 2005 (reference: SMC: 50-
3592.05:peurp). The original CAP was prepared by Tetra Tech FW, Inc. and the RWQCB
requested the CAP focus more on the soil impacts reported in the saturated zone. Besides
including more discussion on the soil impacts below the water table, this revised CAP includes
the results of long-term bioventing of vadose zone soils, results of additional groundwater
sampling completed in 2004 and 2005, and the results of soil confirmation sampling completed
to evaluate the progress of the biovent system. This CAP was revised under the Naval Facilities
Engineering Command, Southwest (NAVFAC SW) Contract No. N68711-04-D-1104, Contract
Task Order No. 0004.

1.1  SITE IDENTIFICATION

The following list summarizes site identification data:

Site Address: Building 43402, 43 Area

MCB Camp Pendleton, CA 92055
Facility Name: Mess Hall
RWQCB Case No.: 9UT3592

County of San Diego Department of H05939-059
Environmental Health (DEH) Case

No.:

Property Owner and Responsible United States Marine Corps

Party:

MCB Camp Pendleton Contact: Mr. Chet Storrs, Remediation Branch Manager
Assistant Chief of Staff, Environmental Security
Building 22165
MCB Camp Pendleton, CA 92055-5008
(760) 725-9774

Remedial Project Manager: Mr. Bipin Patel
NAVFAC SW
1220 Pacific Highway
San Diego, CA 92132-5181
(619) 532-4814
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1.2  OBJECTIVES

The primary objectives of this CAP are as follows:

e Summarize the site history and assess the impacts of contamination detected in soil
and groundwater.

e Identify and evaluate relevant potential corrective action alternatives.

e Provide a recommendation regarding the most appropriate corrective action alternative
for the site.

e Meet the requirements of the California RWQCB and the San Diego County DEH
Land and Water Quality Division for the submittal of a CAP.

UST Site 43402 is regulated under the California State Water Resources Control Board Leaking
Underground Fuel Tank program as administered by the RWQCB, San Diego Region. The
document guiding the assessment, remediation, and closure process for the site is the San Diego
County Site Assessment and Mitigation Manual 2005 (DEH, 2005).

The overall purpose of this CAP is to identify and evaluate remedial alternatives for effectively
and appropriately addressing contamination at UST Site 43402 and to provide a recommendation
regarding corrective action at the site. This CAP contains seven sections, including this
introduction as Section 1.0. Section 2.0 includes a description of the site and a summary of
previous site activities. Section 3.0 includes an assessment of current soil and groundwater
impacts, and Section 4.0 proposes site cleanup goals. Section 5.0 develops a list of alternatives
that are appropriate for the site and presents evaluations on their effectiveness, implementability,
and cost. A recommendation on the most preferred alternative is included in Section 6.0, and a
list of references used to prepare this CAP is included in Section 7.0.
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2.0 SITE DESCRIPTION AND HISTORY

The following sections provide a brief description of the site and a summary of previous activities.

2.1 SITE DESCRIPTION

Site 43402 is located on C Street, in the 43 Area of MCB Camp Pendleton (Figure 1-2). Building
43402 is a mess hall and once contained a 6,000-gallon single-walled steel UST used to store
diesel fuel for heating. The former UST was located behind Building 43402 in a relatively flat,
asphalt and concrete-paved area adjacent to a loading dock.

2.2 EXPLORATORY DRILLING

Between November 1991 and February 1992, two soil borings were drilled and three groundwater
monitoring wells were installed at the site [International Technology Corporation (IT), 1993]. The
soil borings and monitoring wells were sampled up to 35 feet below ground surface (bgs).
Analytical results from soil samples indicated that total petroleum hydrocarbons quantified as
diesel (TPH-d), and total recoverable petroleum hydrocarbons were present in soil near the tank
cavity extending down from approximately 15 feet bgs to the groundwater table at approximately
30 feet bgs. Results from groundwater samples collected from the monitoring wells indicated that
TPH-d and volatile organic compounds (VOCSs) including benzene, toluene, ethylbenzene and total
xylenes (BTEX), were not present in the groundwater. However, based on comments by the
RWQCB, the sample data from these wells were considered inconclusive because the screened
intervals of the wells were below the water table. Consequently, all three groundwater monitoring
wells were destroyed in 1997 (Brown and Caldwell, 1999). Figure 2-1 presents the analytical
results and locations of the soil borings and groundwater monitoring wells.

23 TANK REMOVAL

In March 1992, the UST and ancillary piping were removed from the site (IT, 1993). Soil
discoloration, free product on the water table, and odors were noted in the excavation. Soil
samples were not collected during the tank removal.

24  SITE ASSESSMENT

In August 1998, a Site Assessment was conducted to further evaluate the horizontal and vertical
extent of hydrocarbons in the soil and groundwater (Brown and Caldwell, 1999). Twenty-six soil
borings (B1 to B26) were drilled and sampled to a maximum depth of approximately 50 feet bgs.
Four of the soil borings were converted to groundwater monitoring wells (MW1 to MW4).
Locations of the soil borings and groundwater monitoring wells are shown on Figure 2-2.
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Soil samples were analyzed for total petroleum hydrocarbons quantified as gasoline (TPH-g),
TPH-d, BTEX, and polynuclear aromatic hydrocarbons (PAHS). Laboratory results showed that
TPH-d was detected in 14 of the borings, and BTEX was detected in boring B1, located in the
former tank cavity, and in boring B4, located approximately 30 feet southeast of the former tank
cavity. The most contaminated boring was B1, located in the former tank cavity, which had
TPH-d contamination down to 35 feet bgs at levels up to 27,471 milligrams per kilogram
(mg/kg) (at 15 feet bgs). TPH-d contamination in boring Bl extended approximately 7 feet
below the water table up to a maximum of 15,327 mg/kg. In addition, naphthalene and
phenanthrene, both PAHSs, were detected in boring B1, and phenanthrene was detected in boring
B4. TPH-g was not detected in any of the samples (Brown and Caldwell, 1999). TPH-g and
TPH-d results are shown on Figure 2-2, and all other soil sample results are summarized on
Table 2-1.

During the site assessment, 34 HydroPunch®, temporary well, and monitoring well groundwater
samples were collected and analyzed for various organic constituents. TPH-d, ethylbenzene,
xylenes, and various PAHs were detected in groundwater. The highest concentration of TPH-d
detected in groundwater was 640 milligrams per liter (mg/L) in boring B7, located approximately
50 feet downgradient from the former UST (Brown and Caldwell, 1999). A hydrocarbon sheen
was reported in B1, located within the tank cavity, and a groundwater contaminant plume was
shown to extend approximately 550 feet downgradient of the tank cavity. Groundwater sample
results are shown on Figure 2-3, and summarized on Table 2-2.

Overall, results from the site assessment indicated that diesel had migrated from the former tank
downward to depths between approximately 25 to 35 feet bgs, where, upon encountering a
relatively low-permeability soil layer, migrated laterally downgradient from the tank cavity
approximately 550 feet to the south. The data suggest that after the diesel contamination
migrated laterally, the groundwater table rose to levels above the low-permeability layer.
Groundwater samples subsequently collected during the site assessment from approximately 17
feet bgs contained TPH-d, VOCs, and PAHS, suggesting the contaminants that migrated laterally
along the less permeable layer were mobilized with the rising water table (Brown and Caldwell,
1999). Figure 2-4 is a cross section showing the location of impacted soil, the low-permeability
layer, and groundwater levels during the 1998 site assessment.

2.5 ADDITIONAL WELL INSTALLATION

In November 2000, four additional groundwater monitoring wells were installed at the site to
enhance the groundwater monitoring well network [Foster Wheeler Environmental Corporation
(FWENC), 2001a]. One well, MWS5, was installed adjacent to the former tank cavity where the
highest levels of soil contamination were previously reported. Monitoring wells MW6, MW7,
and MW8 were installed to the south-southeast, downgradient of the former tank cavity.
Locations of the additional monitoring wells are included on Figure 2-5.
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As part of the well installation activities, soil samples were collected from MWS, located
adjacent to the former tank cavity, and analyzed for both geotechnical and biological parameters
for evaluation of potential in situ remedial alternatives. Table 2-3 summarizes physical parameter
results, and Table 2-4 summarizes biological parameter results. Results indicate that the soils
above the water table have an intrinsic permeability greater than 10™° centimeters squared, which
is considered optimal for in situ remediation [U.S. Environmental Protection Agency (EPA),
1995] and that the total heterotrophic plate count is greater than 10*® colony forming units per
gram, which is also considered optimal for in situ remediation (EPA, 1995).

In January 2001, the four new wells were sampled for the first time. Figure 2-5 shows the
approximate extent of TPH-d-impacted water above the TPH-d Water Quality Objective (WQO)
as extending to the south-southeast approximately 400 feet (FWENC, 2001b). The length of the
groundwater contaminant plume was significantly shorter than that reported during the 1998 site
investigation (550 feet) (Figure 2-3).

26  SOIL EXCAVATION

Between July 26 and July 31, 2001, TPH-d-impacted soil was excavated from the former tank
cavity (FWENC, 2001b). Approximately 455 cubic yards of soil were excavated. The horizontal
extent of the excavation was approximately 25 feet by 20 feet and the vertical extent of the
excavation was 26 feet bgs, except for a small area along the east sidewall where part of the
former concrete tank slab had to be left in place at 12 feet bgs due to the presence of nearby
underground utilities. The horizontal extent of the excavation was limited due to the presence of
nearby underground utilities and Building 43402. The groundwater table was encountered at
approximately 26 feet bgs.

Confirmation soil samples were collected from the excavation sidewalls and analyzed for Synthetic
Precipitation Leaching Procedure (SPLP)/TPH-d. Analytical results and field instruments indicated
that, down to approximately 12 feet bgs, none of the sidewalls were impacted. However, below the
former tank pad (approximately 12 feet bgs), leachable TPH-d above the secondary taste and odor
WQO for diesel (0.1 mg/L) was present. The range of leachable TPH-d below 12 feet was between
0.22 mg/L (collected at 22 feet bgs along the west sidewall) and 1.6 mg/L (collected at 17 feet bgs
along the south sidewall). Results of the confirmation sampling are summarized on Figure 2-6.

In addition to successfully removing a majority of the diesel-impacted soil from the former tank
cavity area, approximately 600 pounds of Oxygen Release Compound (ORC®) (manufactured by
Regenesis Bioremediation Products, Inc.) was added to the top of the saturated zone at
approximately 26 feet bgs. Because ORC supplies oxygen to groundwater, its use was intended
to enhance natural biological degradation of contaminants present in groundwater beneath the
former tank cavity.
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The excavation was backfilled to grade with a 2-sack cement per yard of sand slurry conforming
to project compaction requirements. The ground surface was subsequently repaved and restored
to its original condition.

2.7 GROUNDWATER MONITORING PROGRAM

After the additional groundwater monitoring wells were installed at the site in November 2000 (see
Section 2.5), a long-term groundwater monitoring program began. Groundwater samples were
collected quarterly from all wells in 2001 (FWENC, 2001a; 2001c; 2001d; 2001e), semiannually in
2002, 2003, and 2004 (FWENC, 2002a; 2002b; 2003) (TtFW, 2003; 2004a; 2004b), and during the
first quarter of 2005 (TtFW, 2005a). At the beginning of the monitoring program, all samples were
analyzed for TPH-d, BTEX, methyl tert-butyl ether (MTBE), and PAHs. Subsequent samples
were analyzed for TPH-d and BTEX, except for the October 2002 event, when samples from
wells impacted with TPH-d were again analyzed for PAHSs.

Analytical results from the four-year groundwater monitoring program are summarized on
Table 2-2, and the results of the most recent groundwater sampling event are shown on
Figure 2-7. During the monitoring program, low levels of TPH-d, BTEX, and very low levels of
a few PAHs were reported. Overall, the levels of groundwater contamination have decreased
with time. Since the beginning of sampling in January 2001, to the most recent event in January
2005, the levels of TPH-d contamination in all impacted wells has decreased. TPH-d in MW5
has decreased from 7.2 mg/L to 0.5 mg/L, in MW7 it has decreased from 1.8 mg/L to 0.2 mg/L,
and in MWa8 it has decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).

During the most recent event (January 2005) TPH-d contamination extended downgradient to
well MW8 (TPH-d at 0.4 mg/L), located approximately 200 feet from the former tank cavity.
Contaminants detected in the well located adjacent to the former tank cavity (MWS5) during the
January 2005 event included TPH-d at 0.5 mg/L, and BTEX at 0.4 micrograms per liter (ug/L),
0.6 ng/L, 2.0 pg/L, and 3.0 pg/L, respectively.

During the multi-year sampling program, groundwater consistently flowed towards the south
with a range of gradients between 0.012 and 0.020 feet per foot. Historical groundwater
elevations are included as Table 2-5 and a groundwater elevation contour map from the most
recent monitoring event is included as Figure 2-7.

As well as analyzing for contaminants of concern, samples were also analyzed for parameters to
evaluate natural attenuation. Laboratory analysis for nitrate and sulfate, along with field
measurements of dissolved oxygen (DO) and the oxidation/reduction potential (ORP) were
performed. Moreover, iron (1) analyses were performed in the field using a kit specifically
designed for this purpose. The historical analytical results and field measurements for the
evaluation of natural attenuation parameters are summarized in Table 2-6.
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The primary contaminant of concern at the site is TPH-d, which is subject to degradation via
biological oxidation. The rate of this process is strongly influenced by the availability of electron
acceptors such as DO, nitrate, iron (I11), and sulfate.

DO and ORP data, in general, indicate anoxic conditions in monitoring wells containing
hydrocarbon constituents (MW5, MW7, and MWS8) relative to those which do not contain
hydrocarbons (MW1, MW3, and MW6) (Table 2-6). These data suggest that biodegradation is
occurring where TPH-d is present which is consuming available oxygen.

Further evidence of oxygen depletion and likely hydrocarbon degradation is observed in
decreased nitrate levels and the detection of iron (Il) [the product of iron (I1I) reduction] in
samples from wells containing hydrocarbons (MW5, MW7, and MWS8) relative to those where
hydrocarbons are not detected (Table 2-6). This also suggests that biological oxidation of
hydrocarbon constituents is occurring at this site.

Overall, the observed significant decrease in the length of the contaminant plume since sampling
began in 1998 (from approximately 550 feet to 200 feet), the overall decreasing levels of
contaminants with time (Table 2-2), along with decreased ORP, depletion of DO and nitrate, and
the presence of iron (I1) in samples from wells where TPH-d is present relative to those wells
where TPH-d is not present (Table 2-6), strongly suggest that natural attenuation, including
biological oxidation of TPH-d, is occurring at this site.

2.8  BIOVENT PILOT TEST

In September 2003, a biovent pilot test began at Site 43402 to evaluate the feasibility of using
bioventing as a potential remediation technology for TPH-d remaining in the vadose zone after
the soil excavation. Due to the presence of impacted soils below groundwater, the potential use
of biosparging was also tested. A complete summary of the test and test results is included as
Appendix A. The primary objectives of the test were to:

e Estimate the bioventing radius of influence
e Evaluate the potential effectiveness of biosparging

e Estimate biological respiration rates in the subsurface via oxygen/carbon dioxide
measurement

e Obtain design parameters for potential full-scale implementation

e Evaluate the potential benefit of vapor-phase fertilization of the subsurface to enhance
bioventing

The pilot test used two multi-screened wells for air injection (BV-1 and BV-2) and four multi-
screened wells for observation (BV-3 through BV-6) specifically installed for the test.
Observation wells BV-4 to BV-6 were installed to enhance the monitoring network in April 2004
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after the test had progressed for some time. Locations of the wells are shown on Figure 2-8. The
injection wells (BV-1 and BV-2) were located near groundwater monitoring well MWS5,
immediately to the east of the former tank cavity, and the other wells used for observation were
located around the injection wells (Figure 2-8). Wells BV-1 to BV-3 consisted of 2-inch-
diameter Schedule 40 polyvinyl chloride (PVC) casing in a double-nested configuration with
screened intervals at approximately 20 and 28 feet bgs. A screen slot size of 0.010 inches was
used. In addition, each well contained two Y%-inch-diameter Schedule 40 PVVC vapor-monitoring
probes with screens at approximately 10 feet bgs and 15 feet bgs. Wells BV-4 to BV-6 each
consisted of 2-inch-diameter PVC casing in a double-nested configuration with screened
intervals at approximately 15 and 20 feet bgs.

The injection wells were connected via aboveground piping to a 5-horsepower positive-
displacement blower with 1-inch-diameter carbon steel piping. The test equipment and piping
were adequately barricaded and marked to discourage tampering.

To evaluate the potential effectiveness of biosparging, a biosparge test was conducted consisting
of simultaneous air injection into wells BV-1 and BV-2 to determine if oxygenation of the
surrounding groundwater could be achieved. The amount of groundwater in each well was
approximately 2 to 3 feet. Helium gas was bled into the air injection stream for use as a tracer.
Monitoring of groundwater DO levels and helium in observation well BV-3, and pressure
monitoring and respiratory gas (oxygen and carbon dioxide) monitoring were conducted. The
duration of the sparge test was approximately 7 days. The biosparging monitoring data indicated
that the groundwater in the vicinity could not be effectively oxygenated. The DO level at MW-5,
located approximately 4 feet away from BV-1, did not increase during the test (Appendix A).

A two-part, short-term bioventing test was then conducted. For the first part of the test, air was
injected into both BV-1 and BV-2 individually at 5 standard cubic feet per minute (scfm) for
several hours to calculate pressure-based radii of influence. For the second part of the test, air
was injected at 6 scfm simultaneously into both BV-1 and BV-2 for a 10-day period. During the
testing period, oxygen, carbon dioxide, and VOC levels were measured at the other biovent wells
and at nearby groundwater monitoring wells. Results indicated that the biovent radii of influence
was 42 feet for BV-1 and 38 feet for BV-2 (Appendix A).

After the short-term tests, a 4-month extended bioventing test was conducted. The test
parameters were similar to the short-term test — simultaneous injection into BV-1 and BV-2 at
6 scfm; however, air was injected on a pulsed basis. The pulsing scheduling was 7 days of air
injection, followed by 4 days of system inactivation. Carbon dioxide production rates and
oxygen utilization rates for each pulsing cycle at each well (BV-1, BV-2, BV-3, MW-5) were
calculated. Data on the carbon dioxide production showed a general decrease in carbon dioxide
production rates with time for all wells monitored. Similarly, data on the oxygen utilization
showed a general decrease in oxygen utilization rates with time for all wells monitored.
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These trends were interpreted to indicate one of two things:

e Either, carbon dioxide production rates and oxygen utilization rates were decreasing
due to declining concentrations of diesel; or

e Carbon dioxide production rates and oxygen utilization rates were decreasing due to
declining concentrations of available nutrients, namely, nitrogen.

Stoichiometric calculations suggested that the lack of available nutrients in the subsurface was
very likely the primary cause. Therefore, a nutrient addition pilot test was conducted to evaluate
the efficiency of adding nutrients to the vadose zone. Nitrogen, essential for cell building, and
phosphorus, also necessary for cell building but in lower quantities, were delivered to the vadose
zone through gaseous injection of nitrous oxide and triethyl phosphate (TEP) (Appendix A). The
nutrients were injected into the vadose zone with the air stream during two 7-day injection, and
4-day off cycles. New wells BV-4, BV-5 and BV-6 were installed immediately prior to the
beginning of this test and were used to monitor results. Results indicated that nitrous oxide could
be effectively distributed to all monitoring probes (and areas of impacted soil at the former tank
cavity), and oxygen and TEP could be effectively delivered to all probes except BV-4, located
between the former tank cavity and Building 43402. During drilling of BV-4, the soils
encountered contained more clayey material (plastic fines), suggesting they are less permeable.
Results of the pilot test indicated that full-scale implementation of bioventing, with nutrient
addition, would be successful (Appendix A). However, to effectively biovent the entire area of
impacted soil around the former tank cavity, injection would be required in BV-4, as well as
BV-1 and BV-2.

2.9 BIOVENT SYSTEM OPERATION

After the pilot test was completed, bioventing began at the site to enhance the bioremediation of
TPH-d remaining in the vadose zone around the former tank cavity. Bioventing continued for 12
months, from July 2004 through June 2005. The biovent system previously installed for the pilot
test was used, and, based on results from the pilot test, piping was extended to BV-4 so it could
be used as an injection well along with BV-1 and BV-2. The addition of nutrients to the
subsurface (nitrogen and phosphorus), as tested during the pilot test, was continued. The location
of the biovent wells and associated piping is shown in Figure 2-8.

The system was scheduled to operate in a pulsed mode that consisted of 7 days of air and nutrient
injection, followed by 7 days of system shutdown. Site visits were conducted weekly to operate
and maintain the system.

The operating parameters used during injection were as follows:

e Total air flow into the 3 injection wells: 10 scfm
e Air injection pressure: < 1 pounds per square inch
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e Nitrous oxide injection concentration: 500 parts per million. The TEP concentration in
the air stream could not be practically measured because no field instruments for
detection of TEP are commercially available.

The injection wells and observation wells were scheduled to be measured for oxygen, carbon
dioxide, and nitrous oxide weekly, and gas measurements were scheduled to be collected prior to
and at the conclusion of each 7-day injection pulse. Nitrous oxide canisters were replaced and the
TEP vessel was refilled as necessary. A summary of the data collected during the operation and
maintenance of the biovent system is shown in Table 2-7.

Performance of the system was assessed using data collected during the pulse shutdowns. Gas
concentration trends during shutdowns can indicate if biological respiration is proceeding. In
general, as respiration proceeds and biomass grows, oxygen concentrations will decrease; nitrous
oxide concentrations will decrease; and carbon dioxide concentrations will increase.

Gas concentration data collected during pulsed shutdowns showed the following trends:

e At injection well BV-4, oxygen, carbon dioxide, and nitrous oxide concentrations
trended as expected; oxygen and nitrous oxide consumption, coupled with carbon
dioxide production, was observed. BV-4 was screened in soils containing the highest
concentration of TPH-d contamination encountered at the site. Typically, in the most
highly diesel-contaminated soils, nitrogen can be rate limiting to biological processes.
Therefore, the high utilization of nitrous oxide observed at BV-4 from the start of the
operation is expected (see Figure 2-9 for graphical results of the gas data).

e At injection well BV-1, oxygen and carbon dioxide concentrations trended as
expected. However, nitrous oxide concentrations showed no appreciable decreases
during the shutdowns in the early part of the system operation. Nitrous oxide
consumption was, however, observed in the middle part of the system operation. BV-1
was screened in soils containing relatively moderate amounts of TPH-d contamination.
It is possible that in the early part of operation, nitrogen demand was not extensive,
and naturally occurring nitrogen was sufficient for biomass synthesis, and later, when
nitrogen in the soil was tied up or exhausted, nitrous oxide then served as the nitrogen
source (see Figure 2-9 for graphical results of the gas data).

e At injection well BV-2, oxygen and carbon dioxide concentrations trended as
expected. However, nitrous oxide concentrations did not show any appreciable
decrease throughout system operation. BV-2 was screened in soils that contained
relatively low levels of TPH-d contamination and, therefore, it is possible that in these
soils, naturally occurring nitrogen was present in sufficient quantities to support
biomass growth for the duration of operation (see Figure 2-9 for graphical results of
the gas data).

e At observation wells MW-5 and BV-3, gas concentrations showed the same basic
trends as BV-1. Observation wells MW-5 and BV-3 are located approximately 5 feet
and 17 feet, respectively, from injection well BV-1, and thus, the similarity in trends
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among these three wells is not considered unusual (see Figure 2-10 for graphical
results of the gas data).

In general, the gas concentration data collected during the operation of the biovent system
indicated that the system was performing as expected, and biodegradation of TPH-d
contamination in the vadose zone was enhanced.

2.10 VERIFICATION SOIL SAMPLING

On July 6, 2005, after the bioventing system had been turned off, verification soil samples were
collected from three areas around the former tank cavity that had previously been sampled to
compare results and evaluate the effectiveness of bioventing. The verification borings were
located immediately adjacent to previous borings, and one sample was collected from each
boring at the same depth as previous soil samples in accordance with a site-specific Work Plan
(TtFW, 2005b).

After obtaining the appropriate permit, and following utility clearance and Base notification,
three verification soil borings (VSB-1, VSB-2, and VSB-3) were advanced with a direct-push
rig. The locations of the borings are shown on Figure 2-11. VSB-1 and VSB-2 were located
adjacent to biovent injection well BV-4 and biovent observation well BV-6, respectively, and
VSB-3 was located adjacent to boring B-4, which was drilled during the 1998 Site Assessment.
A copy of the boring permit is included in Appendix C. Following sample collection, each
boring was backfilled with a bentonite slurry, and the ground surface was restored to original
conditions.

Soil samples were collected from each boring at depths where previous sampling encountered
the highest levels of diesel contamination. Samples were collected between 20 and 21 feet bgs in
VSB-1, between 22 and 23 feet bgs in VSB-2, and between 19 and 20 feet bgs in VSB-3. Each
soil sample was analyzed for TPH-d, SPLP/TPH-d, VOCs (including BTEX, MTBE, and other
fuel oxygenates), SPLP/VOCs, PAHSs, and SPLP/PAHs. In addition, each sample was also
analyzed for hydrocarbon-oxidizing microbial population and general nutrient status
(ammonium-nitrogen, nitrate-nitrogen, and orthophosphate as phosphorous).

Results indicated that TPH-d contaminant levels were significantly reduced compared to
historical results in each area sampled. A comparison of contaminant results from the July 2005
verification samples and contaminant results from historical sampling at the same location are
summarized on Table 2-8 and Figure 2-11, and a comparison of results from recent and historical
biological parameter analyses are summarized on Table 2-9. Laboratory analytical reports and
chain-of-custody forms are included in Appendix C.

To the north of the former tank cavity TPH-d was reduced from 28,000 mg/kg detected in
biovent injection well BV-4 in April 2004, to 3,700 mg/kg in VSB-1 (a reduction of
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approximately 87 percent). To the southeast of the former tank cavity TPH-d was reduced from
6,700 mg/kg detected in biovent observation well BV-6 in April 2004, to 760 mg/kg detected in
VSB-2 (a reduction of approximately 89 percent). And to the east of the former tank cavity TPH-
d was reduced from 8,606 mg/kg detected in Site Assessment boring B-4 in August 1998 (mobile
laboratory), to an estimated 12 mg/kg detected in VSB-3 (a reduction of over 99 percent).

Results from the bioparameter analyses on the verification soil samples (hydrocarbon oxidizing
microbial population and nutrients) (Table 2-9) are typical for sites that have been biovented
with nutrient addition. The data indicate that hydrocarbon-oxidizing microbial populations
increased in the soil compared to results from soil samples collected before bioventing began
(Table 2-9). In addition, the concentrations of both nitrate-nitrogen as ammonium-nitrogen in
soil decreased, indicating biodegradation occurred. However, the orthophosphate-phosphorous
concentrations increased in soil during the period of bioventing. Although phosphorus is
generally consumed during biodegradation, because only relatively small amounts of phosphorus
are required for biomass synthesis (typically, the soil contains sufficient phosphorus), the rate of
TEP injection apparently exceeded the rate of phosphate utilization, resulting in increased
concentrations of orthophosphate-phosphorus in soil.

Overall, verification soil sampling results indicated that the bioventing and nutrient addition
completed from July 2004 to June 2005 around the former tank cavity was very successful in
enhancing the biodegradation of TPH-d in the vadose zone.
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3.0 ASSESSMENT OF IMPACTS

This section presents information regarding the nature and extent of contamination, site
hydrogeology, and an evaluation of potential impacts to nearby resources.

3.1 NATURE AND EXTENT OF CONTAMINATION

Data from previous investigations and remedial activities completed at Site 43402 can be used to
delineate the current nature and extent of petroleum hydrocarbons in both soil and groundwater.
A description of these impacts is summarized in the following sections.

3.1.1 Soil

Site assessment data (Brown and Caldwell, 1999) identified soil impacted with diesel constituents
extending from near the base of the former tank (approximately 12 feet bgs) down to
approximately 35 feet bgs, with an approximate 5-foot-thick contaminated layer between
approximately 25 to 30 feet bgs extending along a less permeable silt-rich layer to the south
approximately 550 feet. Figure 2-4 is Cross Section A to A’ from the site assessment report which
shows the extent of the impacted soil identified during the 1998 site assessment. Since TPH-d is
less dense than water, and the water table was at approximately 17 feet bgs during the 1998 site
assessment, the water table must have been significantly lower when the tank originally leaked.

During soil excavation activities completed in 2001, approximately 455 cubic yards of soil were
removed from the former tank cavity. The excavation extended vertically to the top of
groundwater (26 feet bgs), and was limited horizontally due to nearby underground utilities and
Building 43402 (FWENC, 2001b). Laboratory results of confirmation samples indicated TPH-d-
impacted soil remained along the sidewalls below approximately 12 feet bgs. To remediate
remaining impacted vadose zone soil, bioventing and nutrient addition was performed around the
former tank cavity for 12 months between July 2004 and June 2005. Verification soil samples
were subsequently collected in July 2005 from areas around the former tank cavity that had
previously been sampled to compare results and evaluate the effectiveness of bioventing.
Verification soil sample results indicated the bioventing was very successful, reducing TPH-d
concentrations in the vadose zone an average of over 90 percent. In the three areas sampled,
maximum TPH-d concentrations were reduced from 28,000 mg/kg to 3,700 mg/kg, from 6,700
mg/kg to 760 mg/kg, and from 8,606 mg/kg to an estimated 12 mg/kg.

3.1.2 Groundwater Contamination

Analytical data collected during the most recent groundwater sampling event (January 2005)
indicated that TPH-d was present in well MWS5, located adjacent to the former tank cavity, at 0.5
mg/L. TPH-d was also present in groundwater in monitoring wells MW7 and MWS8, extending
downgradient from the former tank cavity up to approximately 200 feet, at 0.2 and 0.4 mg/L,
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respectively. BTEX constituents were also detected in groundwater, but in trace to very low
levels (Table 2-2, Figure 2-7).

In an effort to evaluate the time required for TPH-d to decrease below its secondary taste and odor
WQO of 0.1 mg/L, modeling was completed using the EPA’s BIOSCREEN Natural Attenuation
Decision Support System model. BIOSCREEN is an analytical model that simulates remediation
through natural attenuation of dissolved hydrocarbons at petroleum fuel release sites. Details of
the model, the input parameters used, and final results are included as Appendix B. The most
current and highest groundwater result for TPH-d at the site (0.5 mg/L, January 2005) was used as
the starting concentration input for the model. In addition, site-specific results for hydraulic
conductivity, hydraulic gradient, bulk density, and other parameters used to evaluate natural
attenuation (DO, nitrate, sulfate, and so forth) were used in the model.

Using BIOSCREEN (Appendix B), and assuming 0.5 mg/L TPH-d is present at the former tank
cavity area, results indicated that TPH-d will naturally attenuate to levels below its secondary
taste and odor WQO of 0.1 mg/L within approximately 7 years, and not migrate more than 50
feet downgradient of the former tank cavity (Appendix B).

3.2 GEOLOGY AND HYDROGEOLOGY

The geology at the site has been mapped as Quaternary Younger Alluvium overlying the La Jolla
Group (Moyle, 1973). The alluvium typically consists of gravel, sand, silt, and clay. The
lithologies encountered during subsurface activities at the site consist primarily of poorly and
well-graded sand, silty sand, silt, and clay to depths of approximately 50 feet bgs. Boring logs
from Site 43402 generally show silt and silty sand extending from the ground surface to
approximately 17 feet bgs, a poorly graded sand to silty sand from 17 feet to approximately 26
feet bgs, and a sandy silt to clay below 26 feet bgs.

The site is relatively flat and is predominantly covered by asphalt and concrete. Runoff either
percolates into the subsurface in open grass and landscaped areas or flows into nearby storm drains.
According to the Water Quality Control Plan for the San Diego Basin (RWQCB, 1994), the site
is located in the San Juan Hydrologic Unit, which is in the Las Pulgas Hydrologic Subarea of the
San Onofre Hydrologic Area. Groundwater within this hydrologic subarea has designated
beneficial uses of municipal and agricultural supplies; however, the nearest supply well (10/5
18E2) is located over 3 miles from the site.

Groundwater at the site, as measured during the most recent sampling event completed in
January 2005, was encountered between approximately 24 to 26 feet bgs and was flowing to the
south with an approximate gradient of 0.02 feet per foot.
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3.3

EVALUATION OF POTENTIAL IMPACTS

Groundwater at Camp Pendleton has designated municipal/domestic use. To assess the potential
Site 43402 may have to impact groundwater and other nearby resources, the site will be
evaluated with criteria related to the effectiveness of the contaminant source removal, site
characterization, stability of the groundwater plume, identification of potential nearby sensitive
receptors, and whether the site poses a significant risk to human health or the environment. The
criteria are presented below, along with applicable information from the site.

1.

The leak has been stopped, and ongoing sources have been removed or remediated to the
extent practicable.

The former leaking underground diesel storage tank and the associated piping were
removed from the site in 1992 (IT, 1993) (Section 2.3).

A hydrocarbon sheen was observed on groundwater in the former tank cavity area
during site assessment activities completed in 1998 (Brown and Caldwell, 1999)
(Section 2.4). However, prior to the multi-year groundwater monitoring program that
began in January 2001, four new groundwater monitoring wells were installed, one
adjacent to the former tank cavity, and the sheen that was reported on groundwater in
1998 was not observed.

In 2001, approximately 455 cubic yards of hydrocarbon-impacted soil were excavated
from the site (FWENC, 2001b) (Section 2.6). The excavation extended vertically to
groundwater, and was limited horizontally due to the presence of underground utilities
and Building 43402. Impacted soil was still present along the sidewalls of the
excavation below 12 feet.

To remediate remaining impacted vadose zone soil, bioventing and nutrient addition
was performed around the former tank cavity for 12 months between July 2004 and
June 2005. After the bioventing, verification soil samples were collected from areas
around the former tank cavity that had previously been sampled to compare results and
evaluate the effectiveness of the bioventing. Verification soil sample results indicated
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone
an average of over 90 percent.

The site has been adequately characterized.

A site assessment was completed in 1998. Twenty-six borings were drilled, and soil
samples were collected for analysis from each boring (Brown and Caldwell, 1999)
(Section 2.4). In addition, groundwater samples were collected from 25 of the borings,
and four of the borings were later converted to permanent groundwater monitoring
wells.

Additional Site Characterization activities were completed to determine the lateral
extent of hydrocarbon-impacted soil and to install four new groundwater monitoring
wells (MW5 to MWS8) in order to enhance the monitoring well network (FWENC,
2001a) (Section 2.5).
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e Soil excavation activities were completed to remove as much hydrocarbon-impacted
soil as practical (FWENC, 2001b) (Section 2.6). The excavation extended vertically to
groundwater and horizontally until the excavation could not proceed due to the
presence of underground utility lines and Building 43402.

e A 4-year groundwater monitoring program was completed at the site between 2001
and 2005 (Section 2.7). In 2001 all wells were sampled quarterly, and with semiannual
sampling beginning in 2002.

e Based on the above listed drilling, sampling, and soil excavation activities, it is
believed soil and groundwater impacts at the site have been adequately characterized.

3. The dissolved hydrocarbon plume is not migrating.

e During the recently completed 4-year groundwater monitoring program (January 2001
to January 2005), relatively low levels of TPH-d were detected in groundwater from
wells located up to approximately 200 feet downgradient of the former UST. The
maximum level of TPH-d detected during the most recent groundwater sampling event
completed in January 2005 was 0.5 mg/L. The contaminant plume has significantly
decreased in size since site investigation activities were completed in 1998 (from an
estimated 550 feet to an estimated 200 feet) with contaminant levels decreasing overall
during the 4-year groundwater monitoring program.

4. No water wells, deeper drinking water aquifers, surface water, or sensitive receptors are
likely to be impacted.

e Based on the Marine Corps Base Camp Pendleton Environmental Operations Map
(MCB Camp Pendleton, 2001), the nearest potential sensitive receptor is a riparian
habitat that is located approximately ¥ mile to the southeast of the site. This area is not
expected to be impacted by Site 43402. Analytical data show the plume is
stable/shrinking, and natural attenuation modeling using BIOSCREEN suggests that
TPH-d will attenuate to levels below its secondary taste and odor WQO within 7 years
and not migrate more than 50 feet downgradient of the former tank cavity.

e The nearest municipal groundwater supply well, 10/5 18E2, is located over 3 miles to
the southwest of Site 43402 and is not expected to be impacted.

e The nearest surface water body is the Las Flores Creek, located approximately ¥ mile
southeast of the site. In addition, a southeasterly flowing tributary to the Las Flores
Creek is located toward the northeast, also within ¥ mile of the site (MCB Camp
Pendleton, 2001). The surface drainage at the site flows toward the southeast to
drainage channels that eventually discharge into the intermittent, southwesterly
flowing Las Flores Creek. Because of the relatively low hydraulic gradients across the
site, the stable to shrinking nature of the plume, the depth of remaining impacted soil
at over approximately 12 feet bgs, and the results of natural attenuation modeling, the
potential for nearby surface water bodies to be impacted by Site 43402 is considered
insignificant to nonexistent.
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5. The site presents no significant risk to human health.

e |t is extremely unlikely for humans to be exposed to impacted soil because remaining
impacted soil is located over approximately 12 feet bgs beneath concrete and asphalt
pavement.

e The only potential for human exposure to contaminants in groundwater is through
nearby water supply wells. However, the potential for exposure through groundwater
is not anticipated due to the long distance to the nearest supply well (over 3 miles) and
the stable to shrinking nature of the plume, as indicated during the 4-year groundwater
monitoring program (Table 2-2).

6. The site presents no significant risk to the environment.

e The site is located approximately % mile from a riparian habitat (MCB Camp Pendleton,
2001). For the same reasons that nearby surface water is not believed to be at risk, it is
believed that the environment and nearby ecological receptors are not at risk. The
riparian habitat is located relatively far from remaining impacted soil, which is over 12
feet bgs beneath asphalt and concrete pavement.

Based on the above criteria, it is believed that Site 43402 has been adequately characterized and
does not present a potential risk to human health or the environment. In summary, the
contaminant source (underground storage tank) has been removed, impacted soils have been
excavated to the extent practicable, concentrations of remaining impacted vadose zone soil have
been reduced by over 90 percent with bioventing, the groundwater plume is stable to shrinking,
groundwater contaminant concentrations are decreasing, and nearby sensitive receptors are not
expected to be adversely impacted.
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4.0 ASSESSMENT OF CLEANUP REQUIREMENTS

Remediation of Site 43402 is monitored by the RWQCB, San Diego Region, which has final
review and signature authority for closure. The San Diego County Site Assessment and
Mitigation Manual 2005 (DEH, 2005) provides a framework for investigating and remediating
releases of petroleum products; however, cleanup goals are specified in other regulations and
guidance. Applicable regulations and guidance for UST sites come from state and federal codes,
various resolutions, and guidance documents. The following sections focus on cleanup levels and
regulations guiding corrective action for residual contamination.

41  APPLICABLE CLEANUP LEVELS

Groundwater cleanup levels for UST Site 43402 are directly related to the RWQCB Basin Plan
(RWQCB, 1994). The Basin Plan provides cleanup standards, (WQQOs) or Maximum
Contaminant Levels (MCLs), for groundwater hydrologic units based on beneficial use
designations. A hydrologic unit may be designated for one or more of 23 beneficial uses, such as
municipal and domestic supply, agricultural supply, industrial service supply, and so forth. The
WQOs for a hydrologic unit must be protective of the most sensitive beneficial use designated
for the applicable hydrologic unit. The municipal supply category, which includes sources of
drinking water, requires the most protective standards for groundwater.

The RWQCB has designated all groundwater at MCB Camp Pendleton located east of
Interstate 5 to be current or potential sources of drinking water. Groundwater designated for use
“as domestic or municipal supply shall not contain concentrations of chemical constituents in
excess of MCLs” nor shall these waters “contain taste and odor producing substances in
concentrations which cause nuisance or adversely affect beneficial uses” (RWQCB, 1994).
Therefore, groundwater that is considered a potential source of drinking water cannot contain
contaminant concentrations in excess of MCLs (or WQOs) and/or taste and odor water quality
thresholds. Cleanup goals for soils are established so that impacted soil does not have the potential
to leach contaminants into groundwater at levels above the groundwater cleanup goals. Therefore,
as summarized in Table 4-1 and based on the above requirements, the groundwater and soil
cleanup goals for typical diesel fuel constituents are directly related to WQOs and MCLs.

42 CORRECTIVE ACTION

In addition to regulatory requirements on cleanup levels, California regulations specify
corrective action requirements for restoring sites to appropriate cleanup levels. In particular,
California State Water Resources Control Board Resolution No. 92-49 (as amended on April 21,
1994 and October 2, 1996) provides policies and procedures for corrective action of
unauthorized discharges under Water Code Section 13304. This resolution directs that water
affected by an unauthorized release attain either background water quality or the best water
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quality that is reasonable if background water quality cannot be restored; however, it does not
require that the requisite level of water quality be met at the time of site closure. Also, according
to Resolution 92-49, site cleanup must be “consistent with the maximum benefit to the people of
state” considering “all demands being made and to be made on those waters and the total values
involved, beneficial and detrimental, economic and social, tangible and intangible.” Therefore,
corrective action should be reasonable and cost effective with respect to the site-specific
conditions.

In Section 5.0, remedial alternatives for UST Site 43402 are identified and evaluated in terms of
effectiveness, implementability, and cost.
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5.0 IDENTIFICATION AND
EVALUATION OF REMEDIAL ALTERNATIVES

This section presents the screening and evaluation process for identifying appropriate remedial
alternatives for UST Site 43402. Remedial alternatives screened and evaluated in this CAP are
directed at both soil and groundwater. A range of remedial technologies are identified and
screened in Section 5.1 in order to select technologies that are expected to be effective,
implementable, and cost-effective based on site-specific conditions. Technologies that are not
appropriate for the site are eliminated early to streamline the technology evaluation process.

5.1 REMEDIAL TECHNOLOGY SCREENING

The RWQCB requires that a minimum of two corrective action strategies be evaluated. To
identify the two most appropriate potential technologies for both soil and groundwater, a variety
of remedial options were initially screened. A summary of the screening process for soils is
included in Table 5-1, and for groundwater it is included on Table 5-2. The purpose of this
screening is to identify and eliminate from further consideration remedial technologies that,
because of site-specific conditions or costs, are not the most feasible and/or practical. Based on
the screening (see Tables 5-1 and 5-2), the remedial action technologies determined to be the
most practical for soil and groundwater at UST Site 43402 are as follows:

Soil:

e Alternative 1: No Further Action

e Alternative 2: Excavation with Off-site Disposal
Groundwater:

e Alternative 1: No Further Action

e Alternative 2: Remediation by Monitored Natural Attenuation

The following sections describe each above identified alternative and include evaluations of
effectiveness, implementability, and cost. The evaluation of effectiveness includes consideration of
overall protection of human health and the environment and both the long-term and short-term
effectiveness of each alternative. Evaluation of the implementability of each alternative includes
consideration of the technical and administrative feasibility. The cost evaluation of each alternative
is based upon estimates for capital costs and, if applicable, long-term monitoring costs. RWQCB
acceptance of the CAP requires that the responsible party address the RWQCB’s comments and
concerns for each alternative. The RWQCB’s acceptance may also not be completed until the
public has had a chance to comment on the CAP and the comments have been addressed.
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5.2 REMEDIAL ALTERNATIVES FOR SOIL

The following sections describe the two most applicable remedial alternatives, as determined
during the alternative screening (Table 5-1), for impacted soil at Site 43402.

5.2.1 Alternative 1: No Further Action

The soil excavation previously completed at the site extended to the groundwater table at
approximately 26 feet bgs and removed approximately 455 cubic yards of diesel-impacted soil in
the vadose zone (Section 2.6). The excavation did not extend to impacted soils located below the
groundwater table, and was not able remove impacted soils located immediately adjacent to the
former tank cavity due to numerous underground utilities and Building 43402.

A biovent pilot test was completed that indicated oxygen and nutrients could effectively be injected
into the vadose zone to enhance existing microorganisms ability to biodegrade remaining
contamination. A full-scale biovent system was subsequently installed adjacent to the former tank
cavity to enhance remediation of the vadose zone soils that could not be excavated (Section 2.9).
The biovent system was operated for 12 months and soil confirmation samples indicated the
TPH-d levels were reduced by over 90 percent (Section 2.10).

In addition to hydrocarbon contamination remaining in the vadose zone around the former tank
cavity, site assessment data collected in 1998 indicate that soil located beneath the water table was
also impacted with hydrocarbons.

Under the No Further Action alternative, even though impacted soil is present on site, no
additional remediation is proposed. This is based on groundwater data that indicate the remaining
impacted soil, located both in the vadose zone and in the saturated zone, are not a significant
source of contamination, and human health and nearby sensitive receptors are not anticipated to
be adversely impacted.

Data collected from four years of groundwater monitoring (January 2001 to January 2005) have
shown that the groundwater contaminant plume is stable and/or shrinking, the concentrations of
contaminants are decreasing (Table 2-2), and there is strong evidence that natural attenuation,
with biodegradation as the main mechanism, is occurring [strong correlation of decreased ORP,
decreased DO, decreased nitrate, and the presence of iron (II) in samples from wells where TPH-
d is present relative to those wells where TPH-d is not present (Table 2-6)]. It is presumed in this
alternative that natural attenuation will continue to remediate the remaining hydrocarbons
present in soil in both the vadose zone and the saturated zone.

The No Further Action alternative is consistent with RWQCB guidance not requiring active
remediation for sites where there is evidence that natural attenuation is occurring, where the
groundwater plume is not migrating, and where sensitive receptors have been identified and are
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not anticipated to be adversely impacted (RWQCB, 1996). The No Further Action alternative,
therefore, warrants site closure under existing conditions.

5.2.11

Effectiveness

The No Further Action alternative is expected to provide for permanent long-term reduction of
remaining hydrocarbon contamination in soil at Site 43402. This would be effective in
consideration of the following:

The source of contamination, the leaking UST and associated piping, has been removed.

Soil excavation removed a majority of diesel-impacted soils at the former tank cavity
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The
excavation was limited horizontally due to the presence of underground utilities and
Building 43402. Impacted soil remained along the sidewalls of the excavation below
12 feet.

To remediate remaining impacted vadose zone soil, bioventing and nutrient addition
was performed around the former tank cavity for 12 months between July 2004 and
June 2005. After bioventing, verification soil samples were collected from areas
around the former tank cavity that had previously been sampled to compare results and
evaluate the effectiveness of the bioventing. Verification soil sample results indicated
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone
an average of over 90 percent.

Soil contamination reported below the water table during the 1998 site assessment has
not impacted groundwater to any significant extent. The groundwater plume has
decreased in length from approximately 550 feet in 1998, to 400 feet during the
beginning of the multi-year groundwater sampling program in 2001, and to
approximately 200 feet during the most recent sampling event completed in January
2005. In addition, during the 4-year groundwater monitoring program TPH-d
concentrations have decreased in all wells. TPH-d in MWS5 decreased from 7.2 mg/L
to 0.5 mg/L, in MW?7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MWS8 it
decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).

Groundwater data from the four-year monitoring program strongly indicate that
natural attenuation, with biodegradation as the main mechanism, is occurring [strong
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of
iron (I1) in samples from wells where TPH-d is present relative to those wells where
TPH-d is not present (Table 2-6)].

Both a saturated zone soil sample and a vadose zone soil sample analyzed for
biological parameters contained sufficient biomass (total heterotrophic plate count of
1.48E™" and 2.25E*% colony forming units, respectively) capable of degrading diesel
constituents (Table 2-4). These results are above the number considered optimal by
EPA (EPA, 1995).

Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming
0.5mg/L TPH-d is present at the former tank cavity area (most recent maximum
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concentration in groundwater), results indicated that TPH-d will attenuate to levels
below its secondary taste and odor WQO within approximately 7 years, and not
migrate more than 50 feet downgradient of the former tank cavity.

e Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in
contaminant levels in groundwater, and the distance to the nearest sensitive ecological
receptor (riparian habitat approximately % mile to the southwest), the likelihood of
diesel contamination from this site impacting human or sensitive ecological receptors
is considered extremely small to negligible.

Considering current site conditions, the No Further Action alternative is considered an effective
alternative that is protective of human health and the environment.

5.2.1.2 Implementability

The No Further Action alternative is easy to implement because no further remediation activities
would be conducted at UST Site 43402. After regulatory approval for closure, the only activity
required would be the proper destruction of the six groundwater monitoring wells at the site.

5.2.1.3 Cost

The only costs associated with the No Further Action alternative would be to properly destroy and
document the destruction of the existing groundwater monitoring wells. The estimated cost is for
the No Further Action alternative is $15,885. A summary of estimated costs is presented below:

Task Estimated Cost
Well destruction permits (six wells) $785
Drilling subcontractor ($900 x 6 wells) $5,400
Labor for subcontractor coordination and oversight $3,000

Transport and dispose of well abandonment debris

and soil cuttings $3,200
Well destruction documentation $3,500
Total Estimated Cost: 15,885

5.2.2 Alternative 2: Excavation with Off-site Disposal

Excavation with Off-site Disposal includes removing the remaining TPH-d-impacted soils from
both the vadose zone and the saturated zone beneath, around, and downgradient from the former
tank cavity area. For this alternative, it is estimated that an area approximately 90 feet by 40 feet
will require excavation to between 20 feet bgs and 35 feet bgs. Based on 1998 Environmental
Site Assessment results (Brown and Caldwell, 1999), soil reported to contain more than
1,000 mg/kg of TPH-d extended to soil boring B6, located approximately 60 feet from the
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downgradient edge of the former tank cavity (see Figure 2-2). Contamination was reported to
approximately 20 feet bgs to the southwest of the former tank cavity, and to approximately
35 feet bgs to the southeast of the former tank cavity. Soil excavation activities will only extend
to the depth required to remove impacted soils.

Impacted soils around and downgradient of the former tank cavity are located between
approximately 15 and 35 feet bgs. All clean overburden encountered will be stockpiled
separately and, after analytical testing, will be reused as backfill if appropriate. Not counting
clean overburden that must be excavated (90 feet x 40 feet x approximately 15 feet deep =
estimated 2000 cubic yards), the volume of impacted soil remaining in both the vadose zone and
the saturated zone is estimated to be approximately 1,200 cubic yards.

Before the excavation would begin, the numerous underground utilities, including water, gas,
electric, and sewer lines located near the former tank cavity would need to be exposed and
rerouted. Due to the proximity of Building 43402, shoring would also be required to protect the
building from the excavation. The excavation would proceed until the presence of hydrocarbon
contamination was no longer present and confirmation samples indicated that soil cleanup levels
were met. The excavation would then be backfilled and the utilities placed back into their
original configuration.

5.2.2.1 Effectiveness

For soils, excavation and off-site disposal is a very effective alternative as it protects human
health and the environment by removing the contamination and transferring it to an appropriately
permitted facility. Excavation provides a permanent removal of the impacted soils.

5.2.2.2  Implementability

Excavation is a well-established, conventional technology for remediating contaminated soil,
however, excavation of the current remaining impacted soils at Site 43402 is considered very
difficult due to the presence of numerous underground utilities, the proximity of Building 43402,
the overall depth of the excavation to (over 3 stories deep), the presence of groundwater at
approximately 25 feet bgs suggesting dewatering will likely be required, and the presence of
concrete slurry backfill from the previous excavation to 26 feet bgs. Unlike the previous
excavation, the numerous gas, electric, water, and sewer utilities located around the former tank
cavity would have to be shut off and either temporarily or permanently rerouted before the
excavation could proceed. In addition, in order to protect Building 43402 from nearby
excavation activities, extensive and deep shoring would be required.

Implementing a relatively deep excavation (35 feet) around utilities and a building also presents
potential risks to workers from physical hazards, as well as potential contact with contaminated

05-0126 Final Rev 1 CAP .doc 5-5 Final Corrective Action Plan
UST Site 43402, MCB Camp Pendleton

DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05



soil. These risks, however, can be minimized by preparing a detailed site-specific work plan and
a detailed site-specific health and safety plan.

5.2.2.3 Cost

The following assumptions were made to develop a cost estimate for the excavation with off-site
disposal alternative:

e An estimated 2,000 cubic yards of clean overburden and 1,200 cubic yards of diesel-
impacted soil would be excavated. The impacted soils would be transported off site for
disposal as a non-hazardous waste.

e The numerous underground utilities around the former tank cavity would need to be
either temporarily rerouted or supported prior to the excavation.

e Extensive shoring would be required along approximately 40 linear feet of Building
43402 to protect it from the excavation.

The total estimated cost for the Excavation with Off-site Disposal alternative is approximately
$417,000. A general breakdown of the estimated costs is included below:

Task Estimated Cost

Remedial Action Work Plan (draft and final versions) $15,000
Utility rerouting/supporting ($15,000) and shoring ($50,000) $65,000
Soil excavation, backfill, and site restoration (approximately
1,200 cubic yards impacted soil and approximately 2,000 cubic $176,000
yards of clean overburden) (estimated $55/yard)
Confirmation soil sample analyses [25 x $90 (TPH-d) $9 390
+ 25 x $180 (VOCs) + 15 x $176 (PAHS)] :
Transport and dispose of contaminated soil (1,200 cubic yards = $81.000
1,800 tons) ($45/ton) :
Site supervision (5 weeks construction supervisor at $110/hour $48 750
and other support at $85/hour) :
Site Closure Report (draft and final versions) $22,000

Total Estimated Cost: 417,140

5.3 REMEDIAL ALTERNATIVES FOR GROUNDWATER

The following sections describe the two most applicable remedial alternatives, as determined
during the alternative screening (Table 5-2), for impacted groundwater at Site 43402.

5.3.1 Groundwater Alternative 1: No Further Action

Under the No Further Action alternative, no groundwater remediation is proposed for the site. It
is, however, presumed that 1) the relatively low levels of TPH-d currently present in
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groundwater (maximum 0.5 mg/L, January 2005) will continue to be remediated via natural
processes, and 2) nearby sensitive receptors have been identified and are not anticipated to be
adversely impacted.

Data collected from the four-year groundwater monitoring program completed between 2001 and
2005 have shown a decrease in the length of the contaminant plume; decreasing levels of TPH-d
in each well (Table 2-2); and strong evidence of natural attenuation via biodegradation
[decreased ORP, decreased DO, decreased nitrate, and the presence of iron (I1) in samples from
wells where TPH-d is present relative to those wells where TPH-d is not present (Table 2-6)];
which all strongly suggest that natural attenuation (primarily biological oxidation) of TPH-d is
occurring at this site.

It is therefore believed that the minor amounts of diesel components currently present in
groundwater (up to 0.5 mg/L of TPH-d) will continue to degrade naturally over time. It is
implicit in this alternative that, based on the fact that contamination levels are low, there is
evidence that natural attenuation is occurring, and the only contaminants of interest at the site are
constituents of diesel, the expense associated with active remediation would be an unnecessary
use of public resources.

5311 Effectiveness

The No Further Action alternative for groundwater would be effective in providing protection of
human health and the environment in consideration of the following:

e The source of contamination, the leaking UST and associated piping, has been removed.

e Soil excavation removed a majority of diesel-impacted soils at the former tank cavity
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The
excavation was limited horizontally due to the presence of underground utilities and
Building 43402. Impacted soil remained along the sidewalls of the excavation below
12 feet.

e To remediate remaining impacted vadose zone soil, bioventing and nutrient addition
was performed around the former tank cavity for 12 months between July 2004 and
June 2005. After bioventing, verification soil samples were collected from areas
around the former tank cavity that had previously been sampled to compare results and
evaluate the effectiveness of the bioventing. Verification soil sample results indicated
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone
an average of over 90 percent.

e Soil contamination reported below the water table during the 1998 environmental site
assessment has not impacted groundwater to any significant extent. The groundwater
plume has decreased in length from approximately 550 feet in 1998, to 400 feet in
2001, and to approximately 200 feet during the most recent sampling event completed
in January 2005. In addition, during the 4-year groundwater monitoring program
TPH-d concentrations have decreased in all wells. TPH-d in MWS5 decreased from
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7.2 mg/L to 0.5 mg/L, in MW7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MW8
it decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).

e Groundwater data from the four-year monitoring program strongly indicate that
natural attenuation, with biodegradation as the main mechanism, is occurring [strong
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of
iron (I1) in samples from wells where TPH-d is present relative to those wells where
TPH-d is not present (Table 2-6)].

e Both a saturated zone soil sample and a vadose zone soil sample analyzed for
biological parameters contained sufficient biomass (total heterotrophic plate count of
1.48E™" and 2.25E*% colony forming units, respectively) capable of degrading diesel
constituents (Table 2-4). These results are above the number considered optimal by
EPA (EPA, 1995).

e Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming
0.5mg/L TPH-d is present at the former tank cavity area (most recent maximum
concentration in groundwater), results indicated that TPH-d will attenuate to levels
below its secondary taste and odor WQO within approximately 7 years, and not
migrate more than 50 feet downgradient of the former tank cavity.

e Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in
contaminant levels in groundwater, the depth of current remaining soil contamination
(between approximately 12 and 26 feet), and the distance to the nearest sensitive
ecological receptor (riparian habitat approximately ¥z mile to the southwest), the
likelihood of diesel contamination from this site impacting human or sensitive
ecological receptors is considered extremely small to negligible.

Considering site conditions, the No Further Action alternative for groundwater is considered an
effective alternative that is protective of human health and the environment.

5.3.1.2 Implementability

The No Further Action alternative for groundwater is very easy to implement, as no groundwater
remediation or monitoring activities would be conducted. After regulatory approval for closure,
the groundwater monitoring wells at the site would be properly destroyed.

5.3.1.3 Cost

The only costs associated with the No Further Action alternative would be to properly destroy and
document the destruction of the existing groundwater monitoring wells. The estimated cost is for
the No Further Action alternative is $15,885. A summary of estimated costs is presented below:
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Task Estimated Cost

Well destruction permits (six wells) $785
Drilling subcontractor ($900 x 6 wells) $5,400
Labor for subcontractor coordination and oversight $3,000
Transport and dispose of well abandonment debris
; . $3,200
and soil cuttings
Well destruction documentation $3,500
Total Estimated Cost: $15,885

5.3.2 Alternative 2: Remediation by Monitored Natural Attenuation

Alternative 2 relies on natural attenuation mechanisms for the remediation of residual
groundwater contamination, and for this alternative, it is proposed that monitored natural
attenuation (MNA) would require periodic groundwater monitoring to verify that natural
attenuation processes were continuing to occur and that contaminant concentrations were
continuing to decrease. With regard to groundwater, natural attenuation is generally defined as a
process by which contaminants are degraded, or reduced in concentration, by various naturally
occurring processes. Major natural attenuation processes include biodegradation, dispersion,
dilution, volatilization, and adsorption. The MNA alternative for groundwater is expected to
provide for permanent, long-term reduction of contaminants.

5.3.2.1 Effectiveness

For groundwater, natural attenuation via biodegradation is generally considered effective for
petroleum hydrocarbons at low levels (EPA, 1995). Biodegradation of petroleum hydrocarbons
occurs most efficiently under aerobic conditions. As biodegradation occurs, oxygen is consumed,
which is replenished by diffusion through soil pore-space over a concentration gradient.

For groundwater, MNA is expected to effectively provide for protection of human health and the
environment for the same reasons as described above for the No Further Action alternative.
Those reasons are reiterated here:

e The source of contamination, the leaking UST and associated piping, has been removed.

e Soil excavation removed a majority of diesel-impacted soils at the former tank cavity
down to the groundwater at approximately 26 feet bgs (455 cubic yards). The
excavation was limited horizontally due to the presence of underground utilities and
Building 43402. Impacted soil remained along the sidewalls of the excavation below
12 feet.

e To remediate remaining impacted vadose zone soil, bioventing and nutrient addition
was performed around the former tank cavity for 12 months between July 2004 and
June 2005. After bioventing, verification soil samples were collected from areas

05-0126 Final Rev 1 CAP .doc 5-9 Final Corrective Action Plan
UST Site 43402, MCB Camp Pendleton

DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05



around the former tank cavity that had previously been sampled to compare results and
evaluate the effectiveness of the bioventing. Verification soil sample results indicated
the bioventing was very successful, reducing TPH-d concentrations in the vadose zone
an average of over 90 percent.

Soil contamination reported below the water table during the 1998 site assessment has
not impacted groundwater to any significant extent. The groundwater plume has
decreased in length from approximately 550 feet in 1998, to 400 feet in 2001, and to
approximately 200 feet during the most recent sampling event completed in January
2005. In addition, during the 4-year groundwater monitoring program TPH-d
concentrations have decreased in all wells. TPH-d in MWS5 decreased from 7.2 mg/L
to 0.5 mg/L, in MW?7 it decreased from 1.8 mg/L to 0.2 mg/L, and in MWS8 it
decreased from 1.3 mg/L to 0.4 mg/L (Table 2-2).

Groundwater data from the four-year monitoring program strongly indicate that
natural attenuation, with biodegradation as the main mechanism, is occurring [strong
correlation of decreased ORP, decreased DO, decreased nitrate, and the presence of
iron (I1) in samples from wells where TPH-d is present relative to those wells where
TPH-d is not present (Table 2-6)].

Both a saturated zone soil sample and a vadose zone soil sample analyzed for
biological parameters contained sufficient biomass (total heterotrophic plate count of
1.48E"" and 2.25E*% colony forming units, respectively) capable of degrading diesel
constituents (Table 2-4). These results are above the number considered optimal by
EPA (EPA, 1995).

Using BIOSCREEN (Appendix B) to model natural attenuation, and assuming
0.5mg/L TPH-d is present at the former tank cavity area (most recent maximum
concentration in groundwater), results indicated that TPH-d will attenuate to levels
below its secondary taste and odor WQO within approximately 7 years, and not
migrate more than 50 feet downgradient of the former tank cavity.

Based on the distance to the nearest municipal supply well (over 3 miles), the long-
term stable to shrinking nature of the groundwater plume, the long-term decrease in
contaminant levels in groundwater, the depth of current remaining soil contamination
(between approximately 12 and 26 feet), and the distance to the nearest sensitive
ecological receptor (riparian habitat approximately % mile to the southwest), the
likelihood of diesel contamination from this site impacting human or sensitive
ecological receptors is considered extremely small to negligible.

In consideration of these points, the MNA for groundwater alternative is considered an effective
remedial alternative for this site.

Implementability

MNA is moderately easy to implement, as no active remediation activities would be conducted.
Implementation of MNA would consist of collecting groundwater samples from existing
monitoring wells over time to assess contaminant concentrations and biological activity.
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5.3.2.3 Cost

The following assumptions were made to develop a cost estimate for the MNA alternative for
groundwater:

e Three years of semiannual groundwater monitoring would be required to confirm that
levels of groundwater contamination are continuing to decrease.

e Fate and transport modeling will not be required to predict contaminant reduction
and/or migration, nor would a contingency plan be required to address the possibility
that contaminant reduction will not occur as estimated, because: 1) contaminants are
currently present at low concentrations, 2) the groundwater plume has been shown to
be stable and shrinking, and 3) impacts to human or sensitive ecological receptors are
not expected.

The total cost associated with the MNA alternative for groundwater (including properly
abandoning and documenting the destruction of the existing groundwater monitoring wells at
closure) is approximately $81,105. A general breakdown of the estimated costs is included
below:

Task Estimated Cost

Semiannual groundwater sampling field labor for 3 years $16.320
(6 events x 2 persons x 16 hrs/event x $85/hr) ’
Groundwater sample analysis (6 samples TPH-d $10.800
($90)/event + 7 samples VOCs ($180)/event x 6 events) ’
Transport and dispose well purge water (6 events) $5,100
Semiannual Groundwater Sampling Reports $33.000
($5,500/report x 6 reports) ’
Well destruction and documentation (see Section 5.3.1.3) $15,885

Total Estimated Cost: 81,105

05-0126 Final Rev 1 CAP .doc 5-11 Final Corrective Action Plan

UST Site 43402, MCB Camp Pendleton
DCN: SES-TECH-05-0126
CTO No. 0004, Revision 1, 09/26/05



6.0 RECOMMENDATIONS

The No Further Action alternative for both soils and groundwater are the requested alternatives
for UST Site 43402. This request is supported based on the following:

e Source Removal. In 1992, the UST and associated piping were removed from the site.
In 2001, approximately 455 cubic yards of TPH-d-impacted soil was excavated,;
however, the excavation was limited horizontally due to the presence of numerous
underground utilities and Building 43402, and did not extend below groundwater.
Even though impacted soil is present in the vadose zone around the former tank cavity,
and in the saturated zone beneath and near the former tank cavity, data from four years
of groundwater monitoring indicate this soil is not a contaminant source of concern, as
the groundwater plume has shrunk/remained stable, TPH-d concentrations have
decreased, and there is very strong evidence that natural attenuation (primarily
biodegradation) is actively occurring at the site.

e Extent of Contamination. 1998 Environmental Site Assessment data identified soil
impacted with diesel constituents extending from near the base of the former tank
(approximately 12 feet bgs) down to approximately 35 feet bgs (the top of groundwater
is currently approximately 25 feet bgs). Soil excavation activities removed
approximately 455 cubic yards of impacted soil down to groundwater, however the
excavation was limited horizontally. Based on results of confirmation samples,
TPH-d-impacted soils remained along the sides of the excavation. Bioventing,
completed for 12 months between July 2004 and June 2005, subsequently reduced
remaining vadose zone contamination by over 90 percent. Since the excavation did not
extend below groundwater, the TPH-d impacted soils reported during the 1998
environmental site assessment below groundwater around and downgradient of the
former tank cavity (up to 35 feet bgs) were not excavated.

Analytical data collected during the most recent groundwater sampling event (January
2005) indicated that TPH-d was present in well MWS5, located adjacent to the former tank
cavity, at 0.5 mg/L. TPH-d was also present in groundwater in monitoring wells MW7 and
MWS8, extending downgradient from the former tank cavity up to approximately 200 feet,
at levels up to 0.4 mg/L. BTEX constituents were also detected in groundwater, but in
trace to very low levels. BTEX was not detected above MCLs.

e Plume Stability. During the 4-year groundwater monitoring program completed
between January 2001 and January 2005, TPH-d levels have been shown to be low (up
to 0.5 mg/L TPH-d in January 2005) with an overall history of decreasing in all wells
where it is present (TPH-d in MWS5 decreased from 7.2 mg/L to 0.5 mg/L, in MW7 it
decreased from 1.8 mg/L to 0.2 mg/L, and in MW8 it decreased from 1.3 mg/L to 0.4
mg/L). Overall, the groundwater plume has decreased in length from approximately
550 feet during the site assessment in completed in 1998, to 400 feet in 2001, to
approximately 200 feet during the most recent sampling event.

e Risk. Based on the distance to the nearest municipal supply well (over 3 miles), the
distance to the nearest surface water body approximately (Y2 mile to the southwest),
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the long-term shrinking to stable nature of the groundwater plume, the long-term
decreasing concentrations of TPH-d in groundwater, the depth of current remaining
soil contamination (over 12 bgs), the distance to the nearest sensitive ecological
receptor (riparian habitat approximately Y2 mile to the southwest), and the strong
evidence that natural attenuation is actively occurring at the site, the likelihood of
diesel contamination from this site impacting human or sensitive ecological receptors
is considered extremely small to negligible.

e Cost. The costs for Excavation with Off-Site Disposal for impacted soils that are not
considered a contaminant source of concern ($417,000), and the costs for continued
monitoring of natural attenuation (3 additional years for $81,105) for a groundwater
plume that is shrinking/stable, and has decreasing concentration levels, are significant
when compared to the cost for No Further Action for both soil and groundwater
($15,885). Such expenditures for active soil remediation and continued groundwater
monitoring on a site that poses no imminent risk to human health or the environment
are believed to be an unnecessary use of public resources. Perhaps equally or more
importantly, such expenditures would, in light of MCB Camp Pendleton’s limited
budget for environmental remediation, result in decreased availability of funds for
remediation of sites that actually pose risks to human health or the environment.

e Time Frame. In an effort to evaluate the time required for TPH-d in groundwater to
decrease to a level below its secondary taste and odor water quality objective, natural
attenuation modeling was completed using EPA’s BIOSCREEN software
(Appendix B). During the modeling, the maximum groundwater concentration of TPH-d
detected during recent monitoring was used as the starting concentration input for the
model (0.5 mg/L). Since diesel fuel consists of a multitude of chemicals, in order to
model TPH-d degradation in groundwater, naphthalene, which is a common
constituent of diesel, was conservatively selected as a proxy for TPH-d (Appendix B).
Model results indicated that TPH-d is estimated to attenuate to levels below its
secondary taste and odor WQO during the next 7 years and not migrate more than 50
feet from the former tank cavity. Model results indicate that TPH-d will attenuate to
levels below its WQO well before it reaches the nearest drinking water well located
over 3 miles downgradient of the site.

In summary, there are no known current pathways for exposure to remaining contaminants,
shallow groundwater near Building 43402 is not expected to be used for any purpose in the
foreseeable future, and costs for additional deep soil excavation and further groundwater
monitoring to continue to observe natural attenuation are relatively significant. Therefore, in
consideration of “all demands being made and to be made on these waters and the total values
involved, beneficial and detrimental, economic and social, tangible and intangible,” site closure
with No Further Action for both soil and groundwater is requested for UST Site 43402.
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TABLE 2-1

Page 1 of 1

SUMMARY OF HISTORICAL SOIL SAMPLING RESULTS
MCB CAMP PENDLETON, UST SITE 43402

Stationary Laboratory Results

Analysis Sample Numbers

43402-B1-15.0 43402-B4-20.0
PAHSs (mg/kg) (mg/kg)

Acenaphthene <05 <0.1
Acenaphthylene <05 <0.1
Anthracene <1.0 <0.2
Benzo[a]anthracene <0.5 <0.1
Benzo[a]pyrene <0.5 <0.1
Benzo[b]fluoranthene <2.0 <0.3
Benzo[g,h,i]perylene <0.5 <0.1
Benzo[k]fluoranthene <0.5 <0.1
Chrysene <0.5 <0.1
Dibenzo[a,h]anthracene <0.5 <0.1
Fluoranthene <1.0 <0.2
Fluorene <0.5 <0.1
Indeno[1,2,3-c,d]pyrene <0.5 <0.1
Naphthalene 18 <0.2
Phenanthrene 18 2.5
Pyrene <0.5 <0.1

Notes:
EPA - U.S. Environmental Protection Agency
MCB - Marine Corps Base

mg/kg - micrograms per kilogram

PAH - polynuclear aromatic hydrocarbon (EPA Method 8270)

UST - Underground Storage Tank

Source:
Brown and Caldwell, 1999
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TABLE 2-2

SUMMARY OF GROUNDWATER SAMPLING RESULTS
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 1 of 3

vocs® PAHs®
5] n g 5]

2 © S > 5 2 = S 2
° 5 5 2 = w g o g 2 g 8
Date T g E 2 g 2 s S S g S -
o @ &) =] 1) Q = =) = c o
Well ID | Sampled Sample ID [= m = i = S < T T a < O
mg/L | po/L  wo/L | po/L | wo/L - po/L | wpo/L | opo/L | opg/L | owg/L | ug/l o ug/L
Water Quality Objectives (MCLS) 0.1@ 1 150 680 | 1750 @@ @ @ @ @ @ 0.2
26-Aug-98 | 43402-B25/MW1 -- -- -- -- -- na na na na na na na
24-Jan-01 0024-073 - - - - - - - - - - - -
20-Apr-01 0024-121 -- -- -- -- -- na na na na na na na
8-Aug-01 0024-248 -- -- -- -- -- na na na na na na na
24-Oct-01 0024-314 -- -- -- -- -- na na na na na na na
MWL 26-Apr-02 0024-367 1® - - - - na na na na na na na
18-Oct-02 0024-443 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-471 -- -- -- -- -- na na na na na na na
2-Oct-03 0024-528 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-045 -- -- -- -- -- na na na na na na na
8-Jul-04 0081-042 -- 0.2) 0.1) -- 1] na na na na na na na
13-Jan-05 0081-066 -- -- 0.2J -- 1] na na na na na na na
MwW2® | 26-Aug-98 | 43402-B24/MW2 - - - - - na na na na na na na
26-Aug-98 | 43402-B26/MW3 -- -- -- -- -- na na na na na na na
24-Jan-01 0024-071 -- -- -- -- -- -- -- -- -- -- -- --
19-Apr-01 0024-116 -- -- -- -- -- na na na na na na na
7-Aug-01 0024-241 -- -- -- -- -- na na na na na na na
24-0ct-01 0024-312 -- -- -- -- -- na na na na na na na
25-Apr-02 0024-363 -- -- -- -- -- na na na na na na na
MW3 18-Oct-02 0024-437 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-472 -- -- -- -- -- na na na na na na na
1-Oct-03 0024-527 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-043 -- -- -- -- -- na na na na na na na
19-Jan-04 | 0063-044 (Dup) -- -- -- -- -- na na na na na na na
7-Jul-04 0081-040 -- 0.2) 0.1) -- 1] na na na na na na na
12-Jan-05 0081-063 -- 0.1J 0.2J -- 1] na na na na na na na
MwW4® | 26-Aug-98 | 43402-B22/MWA4 | -- - - - - na na na na na na na
24-Jan-01 0024-072 7.2 - - 0.29] - - - 12) - - 5.6J -
20-Apr-01 0024-120 1.9 -- -- 0.28J -- na na na na na na na
8-Aug-01 0024-243 4 -- -- -- -- na na na na na na na
8-Aug-01 | 0024-244 (Dup) 34 -- -- -- -- na na na na na na na
24-Oct-01 0024-308 2.4 -- -- 0.41] -- na na na na na na na
24-Oct-01 | 0024-309 (Dup) 24 -- -- 0.36J -- na na na na na na na
26-Apr-02 0024-366 8.3 -- -- -- -- na na na na na na na
MWS5 18-Oct-02 0024-439 3.9 -- -- 0.4) -- na 1.6J 4 12 0.3 -- --
18-Oct-02 | 0024-440 (Dup) 6.1 - - 0.56 - na 1.5) 3.8 11 0.2 - -
22-Apr-03 0024-477 1 0.37 -- 13 -- na na na na na na na
22-Apr-03 | 0024-478 (Dup) 1 4] - 1.4 - na na na na na na na
1-Oct-03 0024-527 -- -- -- -- -- na na na na na na na
20-Jan-04 0063-048 1.2 -- -- 0.82 -- na na na na na na na
8-Jul-04 0081-046 0.7 0.3J 0.2) 2 0.9J na na na na na na na
13-Jan-05 0081-069 0.5 0.2J 0.2J 1 0.8J na na na na na na na
13-Jan-05 [ 0081-070 (Dup) 0.5 0.4J 0.6 2 3 na na na na na na na

050126 Thls 2-2, 2-5, 2-6, 2-8, 2-9.xls

Final Corrective Action Plan
UST Site 43402

MCB Camp Pendleton
DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05



TABLE 2-2

SUMMARY OF GROUNDWATER SAMPLING RESULTS
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 2 of 3

vocs® PAHs®
@ g g [
E é g @ E g Q
- | & & 8 X wl|g & & e g 8
Date T g E 2 g 2 s S S g S -
o @ &) =] 1) Q = =) = c o
Well ID | Sampled Sample ID [= m = i = S < T T a < O
mg/L | po/L  wo/L | po/L | wo/L - po/L | wpo/L | opo/L | opg/L | owg/L | ug/l o ug/L
Water Quality Objectives (MCLS) 0.1@ 1 150 680 | 1750 @@ @ @ @ @ @ 0.2
25-Jan-01 0024-077 -0 -- -- -- - -- -- -- -- -- -- --
19-Apr-01 0024-115 -- -- -- -- -- na na na na na na na
7-Aug-01 0024-240 -- -- -- -- -- na na na na na na na
24-Oct-01 0024-310 -- -- -- -- -- na na na na na na na
25-Apr-02 0024-364 -- -- -- -- -- na na na na na na na
MW6 18-Oct-02 0024-438 -- -- -- -- -- na na na na na na na
21-Apr-03 0024-473 -- -- -- -- -- na na na na na na na
1-Oct-03 0024-526 -- -- -- -- -- na na na na na na na
19-Jan-04 0063-042 -- -- -- -- -- na na na na na na na
7-Jul-04 0081-039 -- 0.2J 0.2J -- 1] na na na na na na na
12-Jan-05 0081-064 -- 0.08) = 0.2) -- 0.6J na na na na na na na
25-Jan-01 0024-079 1.8 - - - - - 3.7) 3.2) - - - 0.12J
19-Apr-01 0024-117 0.72 -- -- -- -- na na na na na na na
19-Apr-01 | 0024-118 (Dup) 1 - - - - na na na na na na na
8-Aug-01 0024-246 1.9 -- -- -- -- na na na na na na na
24-Oct-01 0024-311 0.63 -- -- -- -- na na na na na na na
25-Apr-02 0024-360 13 -- -- -- -- na na na na na na na
MW7 25-Apr-02 | 0024-361 (Dup) 1 - 0.24J - - na na na na na na na
17-Oct-02 0024-436 1.2 -- -- -- -- na -- 1 0.88 -- -- --
22-Apr-03 0024-476 0.33 -- -- -- -- na na na na na na na
2-Oct-03 0024-530 0.32 -- -- -- -- na -- -- -- -- -- --
2-Oct-03 | 0024-531 (Dup) 0.31 - - - - na na na na na na na
20-Jan-04 0063-047 0.37 - - - - na na na na na na na
8-Jul-04 0081-045 0.2 0.1J 0.2J -- 0.9J na na na na na na na
13-Jan-05 0081-068 0.2 0.09J  0.2) - 1] na na na na na na na
25-Jan-01 0024-075 1.3 - - - - - 3.2) 1.6J - - - -
25-Jan-01 | 0024-076 (Dup) 1.2 -- -- -- -- -- 4.1) 1.6J -- -- -- --
19-Apr-01 0024-119 0.75 -- -- -- -- na na na na na na na
8-Aug-01 0024-247 0.81 -- -- -- -- na na na na na na na
24-Oct-01 0024-313 0.62 -- -- -- -- na na na na na na na
25-Apr-02 0024-362 0.66 -- -- -- -- na na na na na na na
Mwa 18-Oct-02 0024-441 1 - - - - na - 1.4 0.35J @ 0.16J - -
22-Apr-03 0024-475 0.4 -- -- -- -- na na na na na na na
2-Oct-03 0024-529 1.6 -- -- -- -- na na na na na na na
20-Jan-04 0063-046 1.6 - - - - na na na na na na na
8-Jul-04 0081-043 0.5 0.2J 0.1J -- 0.9J na na na na na na na
8-Jul-04 0081-044 (Dup) 0.6 0.2J 0.2J -- 0.9J na na na na na na na
13-Jan-05 0081-067 0.4 0.1J 0.2J -- 1] na na na na na na na
Reporting Limits| 0.1 0.5 0.5 0.5 1.5 0.5 4 0.4 0.4 0.2 0.2 0.2
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SUMMARY OF GROUNDWATER SAMPLING RESULTS

TABLE 2-2

UST SITE 43402, MCB CAMP PENDLETON, CA

Page 3 of 3

vocs® PAHs®
[<5
@ 14 g [
c @ =
|5 & & X w|®§® & & g § 8§
Date T N 5 > = o < S S o £ -
o 5] S = 5] E 3 = 3 > c <
Well ID | Sampled Sample ID (= m = w = = < o [ a < (@)
mg/L | pwo/L | pg/L | po/L | po/l | opo/l | owpo/l | opo/L | opg/l | opo/L | opg/l | pg/l
Water Quality Objectives (MCLS) 0.1@ 1 150 680 | 1750 @@ @ @ @ @ @ 0.2

Notes

Bold values exceed listed Water Quality Objectives
(1) - Compounds detected above laboratory method detection limits

@
®
Q)
(®)

)

(7) - Presence of a single peak on chromatogram in the diesel range

Secondary taste and odor objective
No established Water Quality Objective
Proposed primary MCL

Presence of atypical pattern, quantified against diesel calibration curve
(6) - Well abandoned

-- - not detected above laboratory reporting limit
Hg/L - micrograms per liter

Dup - duplicate sample

EPA - U.S. Environmental Protection Agency

J - estimated value; value falls between the method detection limit and project reporting limit
MCB - Marine Corps Base

MCL - Maximum Contaminant Level
mg/L - milligrams per liter

MTBE - methyl tert-butyl ether

na - not analyzed

PAH - polynuclear aromatic hydrocarbon (by EPA Method 8310)

TPH-d - total petroleum hydrocarbons quantified as diesel (by EPA Method 8015B)
UST - Underground Storage Tank
VOC - volatile organic compound (by EPA Method 8260B and BTEX by EPA Method 8021B)
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TABLE 2-3

Page 1 of 1

SUMMARY OF PHYSICAL PARAMETERS FOR SOIL SAMPLES FROM
WELL BORING 43402-B27/MW5, MCB CAMP PENDLETON, JANUARY 20001

. Intrinsic A Sautrated .
o Intrinsic
Depth Bul!< Gral.n Permeability ... 2| Hydraulic Moisture
Sample ID Density | Density 1~ | Permeability . Content
(feet) (g/cc) (g/cc) to Water ) Conductivity (wt. %)
J 9 (millidarcy) | ©™) (cmis) :
Optimal Range® N/A N/A N/A >10"° na 12-18¥
0024-050 14.5 1.76 2.66 0.41 4.05E-12 3.97E-07 19.4
0024-051 22 1.66 2.76 621 6.00E-09 5.88E-04 4.8
0024-035 28 1.71 na 0.36 3.54E-12 3.47E-07 24.8
Notes:

! Measured value.

2 Calculated based on measured hydraulic conductivity per EPA, 1995.
4 EPA. 1995. How to Evaluate Alternative Cleanup Technologies for Underground Storage Tank Sites. A Guide for Correctivi
Action Plan Reviewers.

® Frankenberger, W. T. 1999.

cm/s - centimeter per second

cm? - centimeters squared

EPA - U.S. Environmental Protection Agency
glcc- gram per cubic centimeter

MCB - Marine Corps Base

N/A - not applicable

na - not analyzed

wt. % - percent by weight

Final Corrective Action Plan
UST Site 43402

MCB Camp Pendleton
DCN: SES-TECH-05-0126
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TABLE 2-4

SUMMARY OF BIOLOGICAL PARAMETERS FOR SOIL SAMPLES FROM
WELL BORING 43402-B27/MW5, MCB CAMP PENDLETON, JANUARY 2001

Page 1 of 1

. Hydrocarbon
Total Heterotrophic . Total + . .
Sample ID Depth (feet) Plate Count Oxidizing Organic C NH, -N | NO;-N | Ortho-P C:N:P pH Mo:)sture
(cfulg) Population (mg/kg) | (MIKD) | (mg/kg) (mg/kg) (%)
(mpn/g)

Optimal Range >1.0E+03? N/A N/A N/A N/A N/A | 100:10:1t0 100:1:0.5% | 6t0 8% 6.5t08.5° | 12-15°
0024-033 16-16.5 2.25E+05 4.90E+05 2300 9.6 12.8 -- 100:1.0:nd 8.5 14.0
0024-034* 25.5-26 1.48E+07 1.70E+07 1300 8.7 16.5 -- 100:1.9:nd 8.5 11.6

Detection Limit N/A 1.00.E+01 1.00.E+01 500 0.5 0.5 0.3 N/A N/A N/A
Notes:
% EPA, 1995.

> Frankenberger, W.T., 1999.

--: Not Detected

*: Collected below water table

cfu/g: colony forming units per gram soil

EPA: U.S. Environmental Protection Agency

MCB: Marine Corps Base

mg/kg: milligram per kilogram

mpn/g: most probable number per gram soil

NA: not applicable

C:N:P: TOC:(NH," + NO3):P, by mass
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Page 1 of 3
TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS
UST SITE 43402, MCB CAMP PENDLETON, CA

Monitoring Well Reference Point | Well Screen Date Depth to Water Groundwater

ID g (toc) Elevation Interval Measured Z‘eet btoc) Elevation
(feet amsl) (feet btoc) (feet amsl)

26-Aug-98t) 16.60 236.23

252.41 24-Jan-01 25.41 224.81

19-Apr-01 25.96 226.45

7-Aug-01 26.34 226.35

24-Oct-01 26.72 225.97

MWL 1030 25-Apr-02 27.52 225.17

17-Oct-02 28.22 224.47

252.69 21-Apr-03 24.98 227.71

21-Apr-03 23.53 229.16

19-Jan-04 2451 228.18

6-Jul-04 25.15 227.54

12-Jan-05 24.71 227.98

Mw2® 247.82 10-30 26-Aug-98"Y 17.00 230.82

26-Aug-98 18.12 232.10

24-Jan-01 26.88 223.34

19-Apr-01 27.02 223.20

7-Aug-01 27.75 222.47

24-Oct-01 28.16 222.06

MW3 250,22 10.35 25-Apr-02 28.89 221.33

' 17-Oct-02 29.75 220.47

21-Apr-03 26.77 223.45

1-Oct-03 25.52 224.70

19-Jan-04 26.17 224.05

6-Jul-04 26.97 223.25

12-Jan-05 24.83 225.39

Mw4® 242.98 10-30 26-Aug-98") 17.12 225.58
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Page 2 of 3
TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS
UST SITE 43402, MCB CAMP PENDLETON, CA

onverng e T S o |2 | e | S
(feet amsl) (feet btoc) (feet amsl)
24-Jan-01 25.40 226.47
19-Apr-01 25.56 226.31
7-Aug-01 26.18 225.69
24-Oct-01 26.54 225.33
25-Apr-02 27.34 224.53
MW5 251.87 14.5-29.5 17-Oct-02 28.12 223.75
21-Apr-03 24.90 226.97
1-Oct-03 23.47 228.40
19-Jan-04 24.44 227.43
6-Jul-04 25.10 226.77
12-Jan-05 24.61 227.26
24-Jan-01 25.56 222.33
19-Apr-01 25.04 222.85
7-Aug-01 26.34 221.55
24-Oct-01 26.74 221.15
25-Apr-02 27.53 220.36
MW6 247.89 14.5-29.5 17-Oct-02 28.49 219.40
21-Apr-03 25.43 222.46
1-Oct-03 24.31 223.58
19-Jan-04 24.81 223.08
6-Jul-04 25.76 222.13
12-Jan-05 25.55 222.34
24-Jan-01 25.35 225.56
19-Apr-01 25.50 22541
7-Aug-01 26.12 224.79
24-Oct-01 26.52 224.39
25-Apr-02 27.34 223.57
MW7 250.91 13.5-33.5 17-Oct-02 28.12 222.79
21-Apr-03 24.82 226.09
1-Oct-03 23.51 227.40
19-Jan-04 24.40 226.51
6-Jul-04 25.12 225.79
12-Jan-05 24.70 226.21
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TABLE 2-5

SUMMARY OF WATER LEVEL ELEVATIONS
UST SITE 43402, MCB CAMP PENDLETON, CA

Page 3 of 3

onverng e T S o |2 | e | S
(feet amsl) (feet btoc) (feet amsl)

24-Jan-01 26.20 223.69

19-Apr-01 26.32 223.57

7-Aug-01 26.98 222.91

24-Oct-01 27.33 222.56

25-Apr-02 28.09 221.80

MW8 249.89 14.5-34.5 17-Oct-02 28.91 220.98

21-Apr-03 25.73 224.16

1-Oct-03 24.63 225.26

19-Jan-04 25.35 224.54

6-Jul-04 26.11 223.78

12-Jan-05 25.76 224.13

Notes:

(1) - Measurement taken by Brown and Caldwell (1999)
(2) - Top of well casing resurveyed in August 2001

(3) - abandoned

amsl - above mean sea level
btoc - below top of casing
MCB - Marine Corps Base

toc - top of casing

UST - Underground Storage Tank

050126 Thls 2-2, 2-5, 2-6, 2-8, 2-9.xls
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TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION
UST SITE 43402, MCB CAMP PENDELTON, CA

itori W . o) a @ | Dissolved @

Monitoring Date Sample ID Chloride’ Nitrate Sulfate Iron (11) Oxygen(s) ORP

Well ID Sampled (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mV)
8-Aug-01 0024-248 163 0.823 85.4 na 2.88 111

24-Oct-01 0024-314 na na na na 2.27 159

25-Apr-02 0024-367 na na na na 243 104
18-Oct-02 0024-443 na na na na *x *x

MW1 21-Apr-03 0024-471 176 1.36 71.9 -- 1.98 249
2-Oct-03 0024-528 185 1.27 76.8 -- 2.48 163

19-Jan-04 0063-045 159 1.22 72.7 -- 2.84 150
8-Jul-04 0081-042 180 1 68 -- 3.4 49

13-Jan-05 0081-066 180 N 69 -- 2.32 113

24-Jan-01 0024-071 142 2.59 56.3 -- 4.79 149

19-Apr-01 0024-116 117 2.45 56.6 -- 3.85 223

7-Aug-01 0024-241 114 231 47.6 -- 4.67 112
24-Oct-01 0024-312 109 2.38 58.4 -- 5.26 49
25-Apr-02 0024-363 118 2.22 50.4 -- 4.79 99

MW3 18-Oct-02 0024-437 139 2 54.8 -- 4.30 158
21-Apr-03 0024-472 99.8 1.69 425 -- 5.80 247

1-Oct-03 0024-527 131 1.81 51.9 -- 4.87 140

19-Jan-04 0063-043 92.3 2.02 475 -- 5.64 135

7-Jul-04 0081-040 87 2] 44 -- 5.66 114
12-Jan-05 0081-063 54 2 31 -- 5.79 97

24-Jan-01 0024-072 181 0.042 435 1.7 1.02 -135

20-Apr-01 0024-120 165 -- 48.8 0.5 0.12 -136

8-Aug-01 0024-243 124 -- 114 24 0.22 -146
8-Aug-01 | 0024-244 (Dup) 113 -- 133 na na na

24-Oct-01 0024-308 131 -- 43 4.2 0.26 -163

MWE 26-Apr-02 0024-366 148 -- 24.7 4.0 0.22 -119
18-Oct-02 0024-438 135 0.173 55.1 -- *x *x
22-Apr-03 0024-477 166 -- 27.9 4.1 0.00 -73

2-Oct-03 0024-532 163 -- 5.38 1.3 0.31 -174

20-Jan-04 0063-048 156 -- 24.5 5.4 0.09 -131

8-Jul-04 0081-046 160 -- 34 3.2 0.75 -136

13-Jan-05 0081-069 170 0.7J 47 35 0.22 -132
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Page 2 of 3
TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS
FOR EVALUATION OF NATURAL ATTENUATION
UST SITE 43402, MCB CAMP PENDELTON, CA

itori W . o) a @ | Dissolved @
Monitoring Date Sample ID Chloride’ Nitrate Sulfate Iron (11) Oxygen(s) ORP
Well ID Sampled (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mV)
25-Jan-01 0024-077 na na na na 211 -148
19-Apr-01 0024-115 148 0.375 54.6 -- 2.72 -129
7-Aug-01 0024-240 105 0.409 40.5 -- 2.90 122
24-Oct-01 0024-310 114 0.606 50.1 -- el w
25-Apr-02 0024-364 117 0.195 69.2 -- ** **
MW6 18-Oct-02 0024-438 135 0.173 55.1 -- w el
21-Apr-03 0024-473 132 -- 449 -- 0.00 268
1-Oct-03 0024-526 138 -- 46.1 -- 1.34 141
19-Jan-04 0063-042 140 -- 45.8 -- 0.57 -24
7-Jul-04 0081-039 130 -- 44 -- 1.68 67
12-Jan-05 0081-064 140 0.6J 47 -- 0.34 11
25-Jan-01 0024-079 na na na na 211 -148
19-Apr-01 0024-117 na na na -- 2.72 -129
19-Apr-01 | 0024-118 (Dup) na na na na na na
7-Aug-01 0024-246 na na na -- 2.90 122
24-Oct-01 0024-311 na na na -- el el
25-Apr-02 0024-360 na na na -- i **
MW7 25-Apr-02 | 0024-361 (Dup) na na na na na na
17-Oct-02 0024-436 na na na -- 0.00 -109
22-Apr-03 0024-476 182 -- 53.3 -- 0.00 -42
2-Oct-03 0024-530 171 -- 58.6 -- 0.21 -94
20-Jan-04 0063-047 158 -- 54.8 5.2 0.30 -97
8-Jul-04 0081-045 160 -- 55 34 0.85 -121
13-Jan-05 0081-068 170 0.7J 60 25 0.31 -108
Final Corrective Action Plan
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FOR EVALUATION OF NATURAL ATTENUATION
UST SITE 43402, MCB CAMP PENDELTON, CA

TABLE 2-6

SUMMARY OF GROUNDWATER RESULTS

Page 3 of 3

I I . @ a @ | Dissolved @

Monitoring Date Sample ID Chloride’ Nitrate Sulfate Iron (11) Oxygen(s) ORP
Well ID | Sampled (mgL) | (mg) | (mgl) | (mgr) | | (mV)

25-Jan-01 0024-075 182 0.050J 34.1 3.0 111 -75

25-Jan-01 | 0024-076 (Dup) 183 0.038J 31.1 3.2 na na

19-Apr-01 0024-119 182 -- 32.7 4.0 0.49 -56

8-Aug-01 0024-247 159 0.034 41.3 3.6 -- -98

24-Oct-01 0024-313 143 0.086J 48.1 5.0 0.35 -119

MWS 25-Apr-02 0024-362 161 -- 50.3 44 0.19 -90

18-Oct-02 0024-441 179 -- 56.1 6.8 0.00 -71

22-Apr-03 0024-475 189 -- 494 3.8 0.00 -44

2-Oct-03 0024-529 201 -- 49.5 3.2 0.30 -64

20-Jan-04 0063-046 163 -- 434 5.6 0.23 -93

8-Jul-04 0081-043 180 -- 39 34 0.61 -146

13-Jan-05 0081-067 180 0.9J 44 2.8 0.48 -118

Reporting Limits 0.2 0.1 0.5 (4) 4 4)

Notes:

(1) - Analyzed by EPA Method 300.0

(2) - Ferrous iron by Hach IR-18C field kit

(3) - Parameters measured using field instrument:

(4) - Not applicable for field measurements

** - No data because the well went dry

-- - not detected above laboratory reporting limit

J - estimated value; value falls between the methoc
detection limit and project reporting limi

050126 Thls 2-2, 2-5, 2-6, 2-8, 2-9.xls

Dup - duplicate sample
EPA - U.S. Environmental Protection Agency
MCB - Marine Corps Base
mg/L - milligrams per lite

mV - millivolts

na - not analyzed
ORP - oxidation/reduction potential
UST - Underground Storage Tank

CTO No

Final Corrective Action Plan
UST Site 43402

MCB Camp Pendleton
DCN: SES-TECH-05-0126
. 0004, Revision 1, 09/26/05



TABLE 2-7

SUMMARY OF BIOVENT SYSTEM OPERATION AND MAINTENANCE DATA

UST SITE 43402, MCB CAMP PENDLETON

Page 1 of 2

TEP Influent Gas Concentration MWS5/BV-3 New Probe #1/#2 New Probe #3 BV-1/BV-2 Ctr (hrs)
Air Height
Injection | (feet
Cycle  Rate |fromtop| N2O N.O N.O N.O N.O
Date Mode  (scfm) |ofbrass)| (PPMV) | %0, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO,

7/22/2004 ON 10

7/30/2004 ON 10 0.11 500 19.6/19.1| 0/0.3 19.9/12.4] 0/5.2 18.3/18.6 0/0

8/4/2004 OFF 585/502 | 4.7/2.1 4.2/6.6 | 250/496 | 1.7/12.3 | 10.3/5.1 520/518 | 1.8/4.6 5.3/13.4

8/5/2004 ON 10

8/11/2004 ON 10

8/12/2004 OFF

8/17/2004 ON 10 8163
8/18/2004 OFF 8215
8/30/2004 ON 10 0.09 460

9/7/2004 ON 10 0.04 491 19.1 0 570/550 | 18.9/19.2 0/0 481/143 | 18.6/12.5| 0/5.2 491/491 | 19.1/18.5 0/0 8406
9/13/2004 OFF 0.29 545/490 | 2.7/0.7 5.4/7.7 | 123/202 | 1.5/11.5 | 11.4/5.1 570/519 | 0.2/1.0 8.6/7.0
9/14/2004 ON 10

9/23/2004 ON 0.24 481/462 | 19.6/19.3| 0/0.3 472/40 |[20.4/12.8] 0/3.0 479/481 | 19.9/19.9 0/0 8649
10/1/2004 OFF

10/7/2004 ON 10 489 19.3 0 493/485 | 19.3/19.1 0/0 487/41 |[18.9/13.0| 0/5.2 489/489 | 19.3/19.2 0/0 8793
10/15/2004 OFF 0.26 515/35 0.5/0.0 | 8.4/10.6 44/66 0.5/10.3 | 14.5/6.3 447/470 | 1.2/6.3 | 11.1/5.0 8793
10/22/2004 ON 8887

system down

11/23/2004 ON 8 0.2

12/1/2004 OFF 10 0.2 0.0/0.3 9.8/9.7 0.7/7.6 | 13.2/7.5 0.8/1.0 8.6/7.4 8488
12/10/2004 ON 10 450/8.2 |19.9/18.4( 0.0/1.1 [491.1/67.0] 20.0/9.8 | 0.0/8.2 485/490 | 20.0/20.0| 0.0/0.0
12/17/2004 OFF 0.2 456.3 57.8/61.6( 0.5/8.0 9.1/4.8 [35.4/405| 2.2/7.7 | 11.9/8.7 50.9/408 | 0.2/1.0 | 12.1/7.0 8704

system down
1/31/2005 system activated
2/14/2005 ON 9 457 441/439 1 19.7/18.3| 0.0/1.5 | 433/102 | 19.3/1.5 | 0.01/12.3 448/449 |1 19.4/19.1| 0.0/0.6 9106

050126 Table 2-7.xIs

Final Corrective Action Plan
UST Site 43402

MCB Camp Pendleton
DCN: SES-TECH-05-0126
CTO No. 0004, Revision 1, 09/26/05




TABLE 2-7

SUMMARY OF BIOVENT SYSTEM OPERATION AND MAINTENANCE DATA

UST SITE 43402, MCB CAMP PENDLETON

Page 2 of 2

TEP Influent Gas Concentration MW5/BV-3 New Probe #1/#2 New Probe #3 BV-1/BV-2 Ctr (hrs)
Air Height
Injection | (feet
Cycle  Rate |fromtop| N2O N.O N.O N.O N.O
Date Mode  (scfm) |ofbrass)| (PPMV) | %0, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO, | (ppmv) [ %O, %CO,

2/21/2005 OFF 460 9107
2/28/2005 ON 10 8.4/110.3| 20.0/18.2| 0.2/1.6 4.0/3.2 |20.2/19.3| 0.0/0.7 9273
3/7/2005 ON 10 464 70.7/477 | 7.0/7.3 1.1/5.2 | 19.2/509 | 19.0/12.1| 6.6/5.5 37.9/109.5| 8.3/7.8 5.2/14.7 9274
3/14/2005 ON 8.5 28.1 430/496 | 19.6/17.0| 0.3/2.4 | 43.7/492 | 18.3/1.5 | 0.7/12.5 26.4/495 | 20.4/18.6| 0.0/1.2 9442
3/28/2005 OFF 0 109.5/65.7| 0.3/0.2 |10.6/12.0| 24.1/495| 4.0/1.3 |10.1/11.6 46.3 0.1 13.1 48.4/56.0( 1.7/0.1 |11.9/10.0( 9442
4/5/2005 OFF 568/579 | 14.0/8.8 | 21/9.1 | 567/548 | 14.1/1.2 | 3.4/8.5 73.7 0.5 15.3 543/577 | 8.1/14.7 | 3.2/2.8 9583
4/12/2005 ON 10 48.3/45.9( 0.2/1.0 |10.1/11.9] 30.8/482 | 19.1/11.3| 0.4/0.2 43.5 0.3 13.3 44.2/44.7( 0.9/0.3 |11.0/10.8( 9583
4/19/2005 ON 10 0 68.9/506 | 18.4/1.4 | 1.3/13.6 | 6.2/443 | 18.2/0.1 | 1.3/11.5 220 0.4 14.5 0.9/507 | 203/9.1 | 0.0/6.0 9750
4/26/2005 OFF 463

5/10/2005 ON 10 0.4 29.9/475| 17.4/0.7 | 1.8/14.8 | 3.6/1.4 [17.4/20.1| 1.6/0.0 426 0.2 14.7 1.2/458 | 20.1/2.6 | 0.00/12.6 | 10068
5/17/2005 OFF 75.5/143 | 0.3/0.5 | 12.3/15 | 5.6/0.2 [10.4/19.9( 4.6/0.0 40.9 0.2 14.7 40.0/49.0( 0.2/3.2 |12.1/15.4| 10068
5/24/2005 ON 6 390 468/49.8 | 11.3/0.5 | 5.7/15.1 | 20.3/1.9 | 18.9/20.0 0.6/0.0 48.5 0.2 15.3 329/49.1 | 20.2/0.3 | 0.0/15.7 | 10253
5/31/2005 ON 10 109/32.7 | 0.4/0.1 |14.2/15.5| 23.2/0.7 | 13.5/19.6| 2.8/0.0 36.3 0.1 15.4 27.0/39.1| 1.3/1.1 |11.7/14.0( 10254
6/14/2005 OFF 450 68.5/453 | 7.0/7.5 1.3/5.4 | 18.9/458 | 8.7/13.0 | 6.6/5.5 428 0.2 14.6 |36.8/109.5 8.4/7.5 5.3/4.6 10590
6/22/2005 ON 10 294/303 | 0.3/1.9 |16.2/145| 2.7/3.3 | 13.8/19.4| 2.6/0.0 518 0.2 15.8 49.3/59.1( 0.9/0.2 |13.6/17.0( 10590
6/30/2005 OFF 520/515 | 2.2/0.2 |15.6/17.6| 467/54 | 14.6/19.9| 1.5/0.0 118 0.2 16.2 519/518 | 4.5/0.2 |10.4/19.5| 10594

Notes:

N,O - nitrous oxide

%0, - percent oxygen

%CO, - percent carbon dioxide

ppmv - parts per million in volume

scfm - standard cubic feet per minute
UST - Underground Storage Tank

MCB - Marine Corps Base
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TABLE 2-8

Page 1 of 1

COMPARISON OF VERIFICATION SOIL SAMPLE RESULTS WITH HISTORICAL SOIL SAMPLE RESULTS
UST SITE 43402, MCB CAMP PENDLETON

SPLP/
VOCs PAHSs
VOCs (ng/kg) (no/kg)|  (ng/kg)
2

8 g | & g
= o | 2 | 2| o | 2
(@) L (@) S = »
@ @ <3 < L T
Sample SPLP/ 5 @ > & N = <
Depth | TPHd | TPHd | 2| & | 5 | 5 | € | 8 | € | §
Sample Location Boring Number | Sample I.D.| Date Sampled | (feet) (mg/kg) | (ng/L) § 2 = S § a 2 o
North of Former VSB-1 0081-0080 | July 6, 2005 20 3,700 60 96 -- -- -- 1 -- -- -
Tank Cavity BV-4' 0063-60 | April 20,2004 | 215 28,000 NA NA | NA | NA [ NA | NA | NA | NA | NA
Southeast of Former VSB-2 0081-081 JUIy 6, 2005 22 760 72 5 48 == -- 1 -- == --
Tank Cavity BV-6 0063-067 | April 21,2004 [ 215 6,700 NA NA | NA | NA [ NA| NA | NA | NA | NA
East of Former Tank VSB-3 0081-082 | July 6, 2005 19 121 0.3 5 [ 200 ] 17 -- 2] | 3J -- --
Cavity B-4° 43402-B4-20| August 1998 20 8,606" NA NA | NA | NA [0466| NA - | 25 | NA

Notes:
* - Biovent injection well.

“ - Biovent observation well.

% - Boring was drilled and sampled during the 1998 Site Assessment
* - Mobile laboratory result. Stationary laboratory result was 2,970 mg/kg.

J - Estimated value.

ng/kg - microgram per kilogram
mg/kg - milligram per kilogram

pg/L - microgram per liter

MIBK - 4-methyl-2-pentanone
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TABLE 2-9

Page 1 of 1

COMPARISON OF NATURAL ATTENUATION PARAMETER VERIFICATION SOIL SAMPLE RESULTS WITH
HISTORICAL SOIL SAMPLE RESULTS
UST SITE 43402, MCB CAMP PENDLETON

Depth Orthophosphate- Hydrocarbon-Oxidizing

(feet below | Ammonia-Nitrogen| Nitrate-Nitrogen Phosphorous Microbial Population
Sample Location Soil Boring ID | Date Sampled | Sample I.D. grade) (ma/ka) (ma/kg) (ma/kg) (MPN/g)
North of Former VSB-1 July 6, 2005 | 0081-0080 21 <5.0 4.8 14.8 4.3 x 10*
Tank Cavity Bv-4" April 20, 2004 | 0063-062 22 10.2 10.4 <2.0 43x 10"
Southeast of Former VSB-2 July 6, 2005 0081-081 21 <5.0 4.2 5.0 9.3 x 10
Tank Cavity BV-6? April 21, 2004 | 0063-066 20 13.7 185 <2.0 6.7 x 10"
Notes:

mg/kg - milligrams per kilogram
MPN-g - Most Probable Number/gram
(1) - Biovent injection well

(2) - Biovent observation well
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TABLE 5-1

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,
UST SITE 43402, MCB CAMP PENDLETON

Page 1 of 4

Remedial
Technologies

General

Response Actions Process Options

Effectiveness

Implementability Cost

Comments

Active
Remediation

In situ biological
treatment.

Bioventing/biosparging:
Introduce oxygen into
the impacted soils in
both the vadose zone
and saturated zone,
respectively, to increase
the biological activity of
native microorganisms.

Very low to High: Oxygen is
typically the limiting factor for
aerobic bioremediation, and
adding oxygen has been shown
to be effective to reduce
concentrations of petroleum
contaminants adsorbed to soil
particles both above and below
the water table. Results of
bioventing already completed
at the site (see Section 2.9)
indicate that it is effective in
introducing oxygen (and
nutrients) into the vadose zone.
However, the impacted soils
located below the water table
have a very low permeability
(3.54E-12 cm?, Table 2-3),
which is below the range
considered effective for
biosparging (10E-10 cm?)
(EPA, 1995). Biosparging is

considered marginally effective

to ineffective in soils with
permeabilities below 10E-10
cm? (EPA, 1995).

Difficult to Moderately
Easy:
Bioventing/biosparging
are conventional, well-
known technologies, and
there are injection and
monitoring wells already

Moderate: Depends on
the number of biosparge
wells required and the
length of time it would
take for contaminant
levels to drop in the low
permeability saturated

installed at the site that ~ zone. Itis
can continue to be used.  conservatively assumed
However, biosparging in  that 5+ years of

the low permeable soils
below the water table
would be difficult.
Numerous injection
wells on a tight grid
pattern would be
required with extensive
piping around the 43
Area mess hall loading
dock area.

bioventing/biosparging
may be required.

Eliminated: Even though
the bioventing already
conducted at the site
indicated that both oxygen
and nutrients can
effectively be injected into
the vadose zone, this
alternative is eliminated
due to the low-
permeability soils in the
saturated zone. With the
low-permeability saturated
zone soils, implementing
biosparging will be
difficult, and may not be
effective.
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TABLE 5-1

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,
UST SITE 43402, MCB CAMP PENDLETON

Page 2 of 4

Remedial
Technologies

General

Response Actions Process Options

Effectiveness

Implementability

Cost

Comments

Excavation with off-site
disposal of remaining
impacted soils in both
the vadose zone and the
saturated zone.

Active Removal.

Remediation

High: Provides long-term
effectiveness and permanence.
Provides protection of human
health and the environment by
reducing or eliminating the
volume of contaminated soils.

Difficult: Excavation is
a conventional and well-
established technology;
however, the remaining
impacted vadose zone
soils are located beneath
numerous underground
utilities, and the
impacted saturated zone
soils are located up to 35
feet deep adjacent to and
beneath numerous
underground utilities.
Extensive shoring and
utility rerouting would
be required. In addition,
saturated zone soils
below the former tank
cavity are currently
beneath the cement
slurry backfill (26 feet
deep) used during the
vadose zone soil
excavation (see Section
2.6).

High: An very extensive
effort would be required
to excavate
contaminated soil up to
35 feet deep around
numerous utilities,
adjacent to Building
43402, and through 26
feet of cement slurry
backfill. Extensive
shoring and utility
rerouting would be
required.

Retained: Even though
excavation would be
difficult and expensive to
implement, it is considered
the best active remedial
alternative available for the
site.
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TABLE 5-1

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,
UST SITE 43402, MCB CAMP PENDLETON

Page 3 of 4

General . Remedla_l Process Options Effectiveness Implementability Cost Comments
Response Actions  Technologies
Active In situ chemical Chemical oxidation: High: Where implementable, Difficult to Not High: Potentially Eliminated: Based on the
Remediation treatment. Introduce a chemical this technology has been shown Implementable: extensive drilling and technology being difficult
oxidant to either destroy to remediate hydrocarbons in Geotechnical analyses of monitoring activities to implement, or
or degrade contaminants. both vadose zone and saturated soils indicate that would increase costs. potentially not
zone soils. The oxidants used  impacted saturated soils implementable at all. The
are readily available and have very low low permeable saturated
treatment time is usually permeability, which may soils, and the numerous
measured in months, as not allow the oxidants to nearby underground
opposed to years. infiltrate the formation. utilities, are not well suited

A pilot test would be
recommended. In
addition, this technology
is not recommended for
impacted soils near
underground utilities or
buildings due

to exothermic reactions
generated.

for in situ chemical
oxidation.
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TABLE 5-1

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR SOIL,

UST SITE 43402, MCB CAMP PENDLETON

Page 4 of 4

Remedial
Technologies

General
Response Actions

Process Options

Effectiveness

Implementability

Cost

Comments

No Further Action Not applicable. Not applicable.

High: Natural attenuation has
been shown to be effective at
petroleum sites for the long-
term, permanent removal of
contaminants. Impacted soils
in the vadose zone were
physically removed to the
extent practical (455 cubic
yards), and remaining impacted
soils that could not be removed
due to nearby utilities and
Building 43402 were treated
for 12 months with bioventing
(see Section 2.9). The
impacted soils located in the
saturated zone do not appear to
be impacting groundwater to
any significant extent, if at all.
The groundwater plume has
shrunk and groundwater
contaminant levels continue to
decrease. Site data strongly
indicate natural attenuation is
occurring, and it is believed
natural attenuation will
continue to occur.

Easy: No additional soil
remedial activities
would be performed.

Low: Since there would
be no additional soil
remediation, there would
no additional soil
remediation costs. The
only cost would be
associated with
abandoning the
groundwater monitoring
wells after regulatory
site closure.

Retained: Based on
historical site data and
current site conditions, it is
believed the remaining
petroleum impacted soils
(in both the vadose zone
and the saturated zone)
will attenuate naturally.
Data from several years of
groundwater monitoring
have shown the
groundwater plume has
shrunk, and overall
contaminant levels have
decreased, indicating the
remaining soil
contamination both above
and below groundwater is
not impacting groundwater
to any significant extent, if
at all. In addition, site data
strongly indicate natural
attenuation is occurring,
and it is believed natural
attenuation will continue to
occur.

Notes:

EPA — U.S. Environmental Protection Agency
MCB - Marine Corps Base
UST - Underground Storage Tank
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Page 1 of 3
TABLE 5-2

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,
UST SITE 43402, MCB CAMP PENDLETON

General . Remedla_l Process Options Effectiveness Implementability Cost Comments

Response Actions  Technologies

No Further Action Not applicable. Not applicable. High: Hydrocarbon constituents ~ Easy: No remedial Very low: Costs to Retained: Assumes site
are readily biodegradable, the activities would be destroy existing wells closure would be
plume is stable and shrinking. performed. Site closure  would be relatively low. warranted under existing
The nearest municipal supply would be complete after conditions.
well is 3.7 miles away. Analytical the destruction of the
data indicate that hydrocarbon- existing groundwater

degrading bacteria are presentin  monitoring wells.
site soils at levels above those
considered optimal by the EPA.

Limited Action Remediation Groundwater monitoring High: Hydrocarbon constituents  Moderately Easy: Moderate: Dependson  Retained: Relatively

by Monitored program to verify that are readily biodegradable, the Consists of periodic length of time required  easy to implement and
Natural contaminant levelsare  plume is stable and shrinking. groundwater monitoring  for contaminant levels natural processes have
Attenuation. decreasing. The nearest municipal supply to assess contaminant to drop. Itis been shown to be

well is 3.7 miles away. Analytical disappearance. conservatively assumed  effective at similar sites.

data indicate that hydrocarbon- that 3 years of

degrading bacteria are present in monitoring may be

site soils at levels above those required.

considered optimal by the EPA.

050126 Table 5-2.doc Final Corrective Action Plan
UST Site 43402

MCB Camp Pendleton

DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05




TABLE 5-2

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,
UST SITE 43402, MCB CAMP PENDLETON

Page 2 of 3

Remedial
Technologies

General
Response Actions

Process Options

Effectiveness

Implementability

Cost

Comments

Active In situ biological ~ Biosparging: Introduce  Low: Oxygen is typically the Moderate to Difficult: Moderate to high: Eliminated: Low
Remediation treatment. oxygen into the limiting factor for aerobic Biosparging is a Potential long-term effectiveness based on
saturated zone by bioremediation and providing conventional, well- system O&M (due to low intrinsic
pumping air into the oxygen has been shown to be known technology; low-permeability soils)  permeability of soils. In
subsurface. effective at similar sites; however, the impacted  and potential periodic addition, the effort and
however, effectiveness is only saturated-zone soil has  verification sampling. costs are not justified
achieved if oxygen reaches the very low permeability, based on the low
contaminated zone. At this site, potentially requiring a potential for adverse
saturated zone soil is relatively large number of sparge impacts to sensitive
impermeable. A sample of site wells. receptors or nearby
soil was analyzed and the water resources (refer to
intrinsic permeability was less Section 3.3).
than that considered optimal for
biosparging applications (EPA,
1995). Soil at the site would
impede biosparging activities.
Active In situ biological ~ Addition of ORC to the  High: Oxygen is typically the Moderate: ORC is Moderate: Costs include Eliminated: The effort
Remediation treatment. contaminated zone. limiting factor for aerobic applied to the subsurface purchasing ORC and and costs are not

ORC is a patented
formulation of
magnesium peroxide
that produces a slow,
sustained source of
oxygen in groundwater,
which enhances the
ability of indigenous
microorganisms to
degrade fuel
hydrocarbons.

bioremediation, and adding
oxygen has been shown to be
effective at similar sites. Contrary
to biosparging, which relies on
pressure to push air into the
groundwater, ORC provides high
concentrations of molecular
oxygen that migrate into the
contaminated aquifer via
diffusion, and thus is not as
restricted by low-permeability
soils as biosparging.

via push-point injection.

applying it to the
subsurface, with
periodic groundwater
monitoring. Multiple
injections would likely
be required.

justified based on the
low permeability soils
and the low potential for
adverse impacts from the
site to sensitive
receptors or nearby
water resources (refer to
Section 3.3).
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TABLE 5-2

SUMMARY OF SCREENING OF REMEDIAL TECHNOLOGIES FOR GROUNDWATER,
UST SITE 43402, MCB CAMP PENDLETON

Page 3 of 3

Remedial
Technologies

General
Response Actions

Process Options

Effectiveness

Implementability

Cost

Comments

Chemical oxidation:
Introduce a chemical
oxidant into the
saturated zone either to
destroy or degrade
contaminants.

Moderate to high: Technology
has been shown to remediate
hydrocarbons in groundwater.
The oxidants used are readily
available, and treatment time is
usually measured in months as

opposed to years.

Difficult: Impacted
saturated soils have

low permeability. Also,
this technology is not
recommended near
underground utilities due
to exothermic reactions
generated.

Moderate to high:
Potentially extensive
drilling (due to low
permeability soils) and
monitoring activities
would increase costs.

Eliminated: The effort
and costs are not
justified based on the
low potential for adverse
impacts from the site to
sensitive receptors or
nearby water resources
(refer to Section 3.3).

Groundwater extraction
coupled with
adsorption/destruction
processes such as air
stripping, or granular
activated carbon, and
reintroduction of treated
water back into the
aquifer.

Low: Readily capable of

removing contaminants from

extracted water. However,

hydrocarbon compounds typically
adsorb strongly to soil particles,
necessitating system operation
over an extensive period of time,
and disproportionately large
groundwater extraction volumes.

Moderate: Ex situ pump
and treat is a
conventional and
established technology;
however, several
extraction wells would
likely be required, based
on the low permeability
of the aquifer material.

Very high: High capital
and O&M costs.
Involves system
operation over a
potentially long period
of time, transport of
waste off site and
associated permitting.

Eliminated: Low
effectiveness and very
high cost eliminates
pump and treat as a
feasible option.

Active In situ chemical
Remediation treatment.
Active Ex situ pump and
Remediation treat.

Notes:

EPA — U.S. Environmental Protection Agency

MCB - Marine Corps Base

O&M - operation and maintenance
ORC - Oxygen Release Compound
UST - Underground Storage Tank
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Page 1 of 1
TABLE 4-1

PROPOSED CLEANUP OBJECTIVES FOR CONTAMINANTS,
UST SITE 43402, MCB CAMP PENDLETON

Constituent Groundwater Soil
TPH-d 100 pg/L® SPLP<Groundwater Objective
Benzene 1.0 pg/L® SPLP<Groundwater Objective
Toluene 150 pg/L® SPLP<Groundwater Objective
Ethylbenzene 680 pg/L® SPLP<Groundwater Objective
Total Xylenes 1,750 pg/L® SPLP<Groundwater Objective
Benzo[a]pyrene 0.2 pg/L® SPLP<Groundwater Objective
Phenanthrene 1.0 pg/L® SPLP<Groundwater Objective

Notes:

@ Secondary taste and odor threshold
® Maximum Contaminant Levels

ug/L — micrograms per liter

MCB — Marine Corps Base

SPLP — Synthetic Precipitation Leaching Procedure
TPH-d — total petroleum hydrocarbons quantified as diesel
UST - Underground Storage Tank
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FIGURE 2-9

SUMMARY OF GAS CONCENTRATIONS DURING RESPIRATION
AT BIOVENT INJECTION WELLS, UST SITE 43402

Gas Concentrations During Respiration (OFF pulse)
at Injection Well BV-4

25 500
S 4 ‘ 5
= E
5 20 400 &
g =
E 15 300 8 |===%02
8 £ |-m=~%co2
§ 10 200 § [=4—N20 (ppm)
g 5
L3}

5 5 J x 100 3
N ! * : z
© 0 : : 0

J-04 A-04 5-04 N-04 D-04

Gas Concentrations During Respiration (OFF pulse)
at Injection Well BV-1
2 30 / - E):‘OO -
£ 25 £ 500 &
L \ a2
£ 20 ; 400 §
& T X 2 |——%02
9 15 300 -"é —Z--%C02
5 \ \ 5
“ 10 = 200 & [T#—N20 (ppm)
Q o
3 7 8
5 5 k 1 ,L - ,! 100 %
o 0 T T 0
A-04

J-04 5-04 N-04 D-04

O, or CO; concentration (%)

Gas Concentrations During Respiration (OFF pulse)
at Injection Well BV-2

30 600
25 g.
=
— =
-f‘-; —0— %02
- £ |—B—%CO2
g —h—N20 (ppm)
o
{5
- 2
=
J-04 A-04 S-04

Final Corrective Action Plan

LIST Site 43402, MCR Camip Pendleton
DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 08/31/05



FIGURE 2-10

SUMMARY OF GAS CONCENTRATIONS DURING RESPIRATION
AT BIOVENT OBSERVATION WELLS, UST SITE 43402
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1.0 INTRODUCTION

~ This report documents and evaluates the results of a biovent pilot test conducted at Underground
Storage Tank (UST) Site 43402, 43 Area, Marine Corps Base (MCB) Camp Pendleton, California.
Due to the presence of impacted soils immediately above groundwater, the potential use of
biosparging was also tested. The pilot test was conducted in accordance with the Final
Bioventing/Biosparging Pilot Test Work Plan for UST Site 43402 (FWENC, 2003).

1.1 PILOT TEST OBJECTIVES

The pilot test was conducted at the subject site to primarily evaluate the feasibility of using
bioventing as a remediation technology for petroleum hydrocarbon-impacted soils, and to obtain
data required for potential future design of a full-scale system. Biosparging was also tested due
to the presence of impacted soils immediately above groundwater.

The primary objectives of the tests were as follows:

» Estimate the bioventing radius of influence
¢ Estimate the potential effectiveness of biosparging at the site

e Estimate biological respiration rates in the subsurface via oxygen (Oy)/carbon dioxide
(CO;) measurement

o Obtain design parameters for potential full-scale implementation

o Evaluate the potential benefit of vapor-phase fertilization of the subsurface

1.2 DOCUMENT ORGANIZATION

This report is organized into the following sections:

 Section 1.0 - Introduction—includes background and objectives of the pilot test.

o Section 2.0- Field Activities—includes a summarized description of the pilot test
activities performed.

o Section 3.0 - Data Analyses—includes the presentation and evaluation of the data
collected.

e Section 4.0 - Conclusions and Recommendations—presents a summary of the
findings, recommendations, and parameters for the design of a full-scale system.

o Section 5.0 - References ~lists the references cited in this report.

01066 Appendix A-PTR 1-1 Biovent Pilot Test Report
UST Site 43402, MCB Camp Pendleton

DCN: SES-TECH-05-0126

No. 0004, Revision 1, 09/26/05



2.0 FIELD ACTIVITIES

This section presents a summary of the associated field activities related to the biovent pilot test
that was conducted at UST Site 43402.

2.1 BIOVENT WELL INSTALLATION

Three multi-screened biovent wells (BV-1 to BV-3) were initially constructed for the pilot test.
Locations of the wells are shown on Figure 2-8 in the Corrective Action Plan (CAP). Each well
consisted of 2-inch-diameter Schedule 40 polyvinyl chloride (PVC) casing in a double-nested
configuration with screened intervals at approximately 20 to 25 feet below ground surface (bgs)
and 28 to 30 feet bgs. A screen slot size of 0.010 inches was used for the screened intervals. In
addition, each well contained two soil vapor monitoring probes (SVMPs). The SVMPs consisted
of Y2-inch-diameter Schedule 40 PVC with Y%-inch-diameter Schedule 40 PVC screen at
approximately 10 feet bgs and 15 feet bgs.

2.2 CONVEYANCE PIPING INSTALLATION

The biovent injection wells (BV-1 and BV-2) were connected via aboveground flexible hose to
the blower. The exerted pressures on the biovent system did not exceed 5 pounds per square
inch, which was well within the tolerances of the piping and other system components.

2.3  PILOT TEST EQUIPMENT

The pilot test equipment consisted of a skid-mounted blower package to inject atmospheric air
into the biovent wells.

Individual components included:

» A 5-horsepower (hp) positive-displacement blower. The blower was rated for a
maximum flow of 25 standard cubic feet per minute (scfm).

e Associated piping, instruments, gauges, and valves.

» Extraction flow was measured using an in-line flow meter, pressures were measured
using Magnehelic gauges, oxygen and carbon dioxide were measured usmg a gas
analyzer, and dissolved oxygen (DO) concentrations were measured using a DO
meter.

2.3.1 Biosparging Pilot Test

The potential use of biosparging was tested, which consisted of simultaneous air injection into
the lower screens of wells BV-1 and BV-2 to determine if oxygenation of the surrounding
groundwater could be achieved. Helium gas was bled into the air injection stream for use as a
tracer. Monitoring of groundwater DO levels, helium in the headspace of well BV-3, and
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pressure monitoring and respiratory gas {oxygen and carbon dioxide) monitoring in the
headspace of all wells and vapor probes was conducted. The duration of the sparging test was
approximately 7 days.

The sparging system operating parameters and observation data are shown in Table 2-1.

2.3.2 Respirometry Testing

Respirometry testing was conducted to assess aerobic biological activity in the vadose zone. In
the chemical reaction for aerobic respiration, oxygen is a reactant and carbon dioxide is an end-
product. Oxygen depletion, coupled with carbon dioxide production, indicates aerobic biological
activity. Oxygen gas and carbon dioxide gas concentrations were monitored after oxygenation of
the vadose zone at BV-1, BV-2, and BV-3, Three respirometry tests were conducted, each after a
period of air injection. The field data for the Respirometry Tests I, II, and I are shown in
Table 2-2, Table 2-3, and Table 2-4, respectively.

2.3.3 Bioventing Short-term Pilot Test

A two-part short-term bioventing test was conducted using wells BV-1 and BV-2. For the first
part of the test, air was injected into each well individually at 5 scfin for several hours to
calculate pressure-based radii of influence. The injection pressure at the biovent wells and
pressure reading data at observation points for both injections are shown in Table 2-5 and
Table 2-6.

For the second part of the test, air was injectpd at 6 scfim simultaneously into BV-1 and BV-2 for
a 10-day period (November 24, 2003 to December 3, 2003) to assess respiratory gas levels and
volatile organic compound (VOC) concentrations in the injection field. This period of injection
was the oxygenation phase of Respirometry Test IIl. During the injection period, oxygen, carbon
dioxide, and photoionization detector (PID) levels were measured at proximal and distal
groundwater monitoring wells and at the vapor probes. The data for the second part of the short-
term test are shown in Table 2-4.

2.3.4 Bioventing Extended Pilot Test

A 4-month extended bioventing test was conducted after the short-term tests. The test parameters
were identical to the second part of the short-term test — simultaneous injection into BV-1 and
BV-2 at 6 scfm; however, air was injected on a pulsed basis. The pulsing scheduling was 7 days
of air injection, followed by 4 days of system inactivation. Respiratory gases were measured one
time per pulsing cycle at the fourth day of system activation.

The data are shown in Table 2-7.
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3.0 DATA ANALYSES

Field data obtained during the pilot tests were used to evaluate the feasibility of
biosparging/bioventing for remediation of total petroleum hydrocarbons quantified as diesel
(TPH-d)-impacted subsurface soils. This section presents summaries of the data and data
analyses.

3.1  BIOSPARGING TEST

The biosparging monitoring data indicate that the groundwater in the vicinity cannot be
effectively oxygenated. The DO level at groundwater monitoring well MW-5, located
approximately 4 feet away from BV-1, did not increase for the duration of the test. Refer to
Figure 3-1 for DO levels at MW-5 as a function of time. The DO level also did not increase at
observation well BV-3. Thus, the injected air exits the groundwater in the immediate vicinity of
the sparge well into the vadose zone, suggesting that the site is not suitable for a groundwater
biosparging system.

3.2 RESPIROMETRY TESTS

Three respirometry tests were conducted during the pilot test for assessment of aerobic biological
activity.

3.2.1 Respirometry TestI

Despite the unsuccessful sparging results for groundwater, the fortuitous oxygenation of the
vadose zone allowed for the performance of a vadose-zone respirometry test. After full
atmospheric oxygenation was observed at monitoring well MW-5, bioventing wells BV-1, BV-2,
and BV-3, and the vapor probes, the system was turned off and respiratory gas concentrations
were then measured every 1 to 2 days.

In general, oxygen levels declined and carbon dioxide levels increased. Linear regression
analyses on the oxygen data were performed to measure oxygen use rates and to determine what
degree of the observed oxygen use was due to biological respiration, assuming zero-order
reaction kinetics. Gaseous diffusive exchange between the oxygenated air introduced by the
biosparging system and the subsurface ambient oxygen-poor air will occur and should be
subtracted out when measuring respiration rates. Oxygen use rates (k values in units of
percent/day) were caloulated at the bioventing wells, MW-5, and the six monitoring probes.
Because the probes are not in hydrocarbon-affected soils, these probes are control probes that
roughly measure gaseous diffusion. The bioventing wells and MW-5, which are in hydrocarbon
affected soils, measure respiration and gaseous diffusion. Therefore, in theory, if respiration is
occurring, k values at the biovent wells and MW-5 should be higher than at the soil probes. The
data generally follow the theory:
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The average k value at the bioventing wells and MW-5 is -1.08 percent/day. The average k value
at the soil probes is -0.54 percent/day. Subtracting out the "diffusion” k from the total k, a
"respiration” k of -0.54 percent/day is obtained. This is an indication that the system is enhancing
aerobic degradation at the site and also represents a performance parameter that can be tracked
over the lifecycle of the system at full scale. Field data are presented graphically in Figure 3-1;
the results of the regression analyses are shown in Table 3-1.

3.2.2 . Respirometry Test II

A second test was conducted to verify the results from the first respirometry test. The biosparge
system was turned on to reoxygenate the vadose zone to atmospheric conditions, and then was
shut off again.

"The regression showed a higher oxygen use rate for the second test. A “respiration” k value of -
4.7 percent day” was obtained. This increased k value due to respiration, most likely, is the result
of higher microbial populations that may have been produced during the course of the testing.
With a steady availability of oxygen, more robust populations of microbes initially would be
expected and would result in higher oxygen use rates. Thus, this second test is confirmation that
aerobic degradation is occurring at this site. Field data are presented graphically in Figure 3-2;
the results of the regression analyses are shown in Table 3-2.

3.2.3 Respirometry Test IIY

A third respirometry test was conducted to determine the pulsing frequency and duration at full
scale. A pulsed injection is preferred over a constant injection to prevent the potential lateral
migration of any volatile organics. Refer to Table 3-3 and Figure 3-3 for the regression analyses.

Full oxygenation was observed at the bioventing wells within 7 days. Oxygen levels were
depleted within 5 days. Based on this respirometry test, an effective pulsing schedule would be a
7-day pulse of oxygenation at 6 scfm with 4 days between pulses.

3.3 BIOVENT TEST

3.3.1 Short-term Test

Data from Part I of the biovent test indicated the calculated radii of influence (ROI) were 42 feet
for BV-1 and 38 feet for BV-2. ROI values were calculated by performing a linear regression on
a plot of the absolute pressure squared versus the natural logarithm of the radial distance, with
the ROI defined as the distance at which the pressure declines to 0.1 inches of water (refer to
Tables 2-6 and 2-7 for the inputs and outputs of the ROI calculations).

During the Part 2 testing period, oxygen, carbon dioxide, and PID levels were measured at
proximal and distal groundwater monitoring wells and at the vapor probes. The respiratory gas
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levels were measured to verify the ROI calculations from the Part I bioventing data. The PID
readings were used to determine if excessive air injection causes potential migration of volatile
organics (Table 2-4).

PID readings at BV-3 and MW-5, a proximal groundwater monitoring well, did not increase
from baseline levels as oxygenation proceeded. Additionally, low readings at the vapor probes
and MW-1, a distal groundwater monitoring well were observed for the duration of the
oxygenation period. Refer to Figure 3-4 for a graph of the VOC-concentration-oxygen
correlation. This data distribution indicates that, as air is injected into the subsurface at low-flow
rates, there was no significant mobilization of organic compounds into soil vapor, and no
significant migration of volatile organics upward to ground surface nor laterally. The soil
beneath this site is ideal suited for the application of bioventing under low-flow conditions.

3.3.2 Extended Test

During the 4-month extended biovent test, the pulsing cycle was approximately 7 days of
injection, followed by approximately 4 days of system inactivation. Respiratory gas
concentrations were collected on the last day of system inactivation for each pulsing cycle to
monitor system performance. Using these data, carbon dioxide production rates and oxygen use
rates for each pulsing cycle at each well (BV-1, BV-2, BV-3, MW-5) were calculated.

The carbon dioxide production rate and oxygen use rates were calculated as followed:

o It was assumed that the carbon dioxide percent volume concentration and the oxygen
percent volume concentration were 0 percent and 20 percent, respectively, after the
last day (generally the seventh day) of the injection.

e The carbon dioxide concentration measured on the last day (generally the fourth day)
of system inactivation was divided by the number of days of system inactivation
(generally 4 days) to vield the carbon dioxide production rate for that cycle.

o The oxygen concentration measured on the last day (generally the fourth day) of
system inactivation was subtracted from 20 percent and the result was divided by the
number of days of system inactivation (generally 4 days) to yield the oxygen use rate
for that cycle.

Figures 3-5 and 3-6 show the carbon dioxide production rate and oxygen utilization rate with
successive cycles of system operation.

Linear regression lines were plotted for both parameters for each well to analyze parameter
trend. The regressions on the carbon dioxide production rate data show a general decrease in
carbon dioxide production rates with time for all wells monitored. Similarly, the regressions on
the oxygen use rate data show a general decrease in oxygen use rates with time for all wells
monitored.
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These trends can be interpreted potentially in one of two likely explanations:

o Either, carbon dioxide production rates and oxygen use rates are decreasing due to
declining concentrations of diesel hydrocarbons; or

 Carbon dioxide production rates and oxygen use rates are decreasing due to declining
concentrations of available nutrients, namely, nitro gen

To determine which scenarjo is more likely, the stoichiometry of aerobic biodegradation of
petroleum hydrocarbons to determine the nitrogen requirement was analyzed (see next section).

34  FULL-SCALE DESIGN

Full-scale design parameters are detailed in the following sections.

3.4.1 Stoichiometry

Stoichiometry is useful in the design and operation of a bioventing system. For example, the
amount of nitrogen required, the quantity of biosolids produced, and the amount of oxygen
required in an aerobic process can be calculated from the stoichiometric equation.

Oxidation-reduction reactions entail the transfer of electrons. In biological treatment processes,
the organic pollutant is typically the electron donor. Both the organism energy requirement and
the organism synthesis receive the electrons as the acceptors. Oxygen is the electron acceptor for
the energy requirement; and either nitrate or ammonia is the nitrogen source in the organism
synthesis.

Assumptions:

o 18-chain alkane (C;3Hj3g) is representative of residual diesel fuel in soil
e mitrate is predominant source of nitrogen

o fs (fraction of electrons used for cell synthesis) = 0.39

o fe (fraction of electrons used for energy) = 0.61

Electron donor half-reaction (Rd):

CisHsg + 36H,0 —> 18CO, + 110H" + 110¢”
Electron acceptor half-reaction (Ra):

1/4 0+ H + & — 1/2 H,0
Cell-synthesis half-reaction (Rc):

5/28 COz + 1/28NO;y + H' + &'— 1/28CsH,0;N + 11/28 H,0
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Normalizing Rd to one electron: 0.009C;gH3g + 0.327H,0 — 0.164CO, +H" + ¢
fe x Ra: 0.1520; + 0.61H" + 0.61e” — 0.305 H,0O

fs x Re: 0.696 CO; + 0.014 NO5™ + 0.404H" + 0.39¢'— 0.0139 CsH,0,N + 0.153H,0

The aforementioned three equations are summed up, which yields the net reaction for
biodegradation of diesel:

CigHzg + 16.8 O + 1.5 NOy™+ 1.5H — 1.5 CsH70,N + 14.4 H,0 + 10.3 CO,

From the net reaction, the following ratios are obtained:

o Alkane/O; molar ratio: 1/16.8 = 0.06

Alkane/CO, molar ratio: 1/10.3 =0.097

Alkane/ NOs; molar ratio: 1/1.5 = 0.65

Alkane/N mass ratio: (Alkane/ NOs; molar ratio) x MWoikane/MWitropen = 11.8

- 3

Using these molar/mass ratios and site-specific data, it can be determined if the site requires
nutrient addition to adequately remediate TPH-d via biodegradation.

3.4.2 Nitrogen Requirement

The nitrogen requirement is approximated as the maximum encountered hydrocarbon
concentration divided by the alkane/N mass ratio. Analytical laboratory data indicated a diesel
concentration of 11,000 milligrams per kilogram (mg/kg) and a mtrogen (as nitrate)
concentration of 8.6 mg/kg are present at the site. Thus:

N requirement = diesel concentration/Alkane/N mass ratio = 11,000 mg-diesel/kg / 11.8
=930 mg-N/kg

The stoichiometric nitrogen requirement exceeds the nitrogen (as nitrate) available at the site:
930 mg-N/kg nitrogen requirement > 8.6 mg-N(as nitrate)/kg available at site

Therefore, the site requires nutrient addition, along with oxygen, to adequately biodegrade
residual diesel in site soils.
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3.4.3 Nutrient Test

Since stoichiometric calculations indicated that subsurface nutrients would be a limiting factor in
biodegradation of diesel at the site, additional testing was conducted to determine if vapor-phase
fertilization of the soil could be achieved with the bioventing system. On April 20, 2004, six new
soil vapor probes were installed in three locations (BV-4, BV-5 and BV-6) (two probes per
location) with screened intervals at 15 feet bgs and 20 feet bgs at radial distances between 20 and
25 feet from bioventing wells BV-1 and BV-2 (See Figure 2-8 in the CAP). Soil samples were
collected and analyzed for orthophosphate, nitrogen as nitrate and ammonia, TPH-d, and
hydrocarbon degraders (microbes). The analytical results are presented in Table 3-4. The details
of this installation are described in the addendum to the Addendum to the Final
Biosparge/Biovent Pilot Test Work Plan for Underground Storage Tank Site 43402, dated March
16, 2004 (TtFW, 2004). Refer to Attachments 1 and 2 for boring logs and laboratory analytical
reports.

At probe BV-4, the maximum diesel concentration was 28,000 mg/kg and the total nitrate
concentration (sum of nitrogen as nitrate and ammonia) was 20.6 mg/kg. The diesel to nitrate
ratio for boring BV-4 is approximately 1360. For boring BV-5, the diesel concentration was
6,700 mg/kg and the total nitrate concentration was 32.2 mg/kg. The diesel to nitrate ratio for
boring BV-5 is approximately 208. The stoichiometric ratio of diesel to nitrate is approximately
11.8 by mass. Ratios exceeding 11.8 indicates nitrogen deficiency. Thus, along with
stoichiometric calculations, analytical results suggest that the soil is significantly deficient in
nitrogen.

Based on the results of stoichiometric calculations, the extended bioventing pilot test, and the
soil analytical results from the probe installation, fertilizer (nutrients) will be required to support
the biodegradation of hydrocarbons in the vadose zone at the site. Nitrogen is essential for cell
building and is required in the greatest amounts compared to other nutrients. Phosphorus is also
necessary, but in lower quantities than nitrogen. Therefore, an air injection with vapor-phase
nutrient amendment test was conducted to determine if nutrients could be effectively distributed
in the vadose zone.

Nitrous oxide, a gas at standard temperature and pressure (STP), was bled into the air injection
stream downstream of the blower. Triethyl phosphate (TEP), a liquid at STP, was poured into a
55-gallon vessel that was placed in-line. The process stream was bubbled into the vessel to
vaporize the TEP into the injection air stream.

To determine the nitrous oxide injection rate that is required at the air injection rate of 6 scfm,
the following calculations were performed:
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% N0 required in air stream =

= (stochiometric ratio of nitrate to oxygen) x (moles N>O per moles NO3) x (% oxygen
11 air)
(1.5 moles nitrate/16.8 moles oxygen) x (0.5 mole NO per 1 mole NO;?) x (20%
oxygen)
0.9% N,O required in air stream

injection rate of N,O = % N,O required in air stream x injection rate of air stream / 100

0.9% N0 x 6 scfim x 60 mins/hr / 100
3.2 cubic feet per hour of N2O

Phosphorus is only required in trace amounts stoichiometrically, and therefore, does not appear
in the stoichiometric equations. As a result, phosphorus does not need to be added at a rate
greater than 10 percent of the nitrogen injection rate.

To estimate the phosphorus injection rate, the following calculation is performed:

TEP injection rate =

= (N,O gas injection rate) x {mole of gas/0.9 cubic feet) x (molecular wt of TEP) x
(0.1 mole TEP/mole N,O) / (specific weight of water x specific gravity of TEP)

= (3.2 cubic feet/hour) x {1mole/0.9cubic feet) x (182.2g/mole) x (0.1 mole/mole) /
1.06 g/em’

=61 cm3-liquid-phase TEP per hour

Therefore, in summary, for the nutrient addition test, air was injected at 6 scfm; nitrous oxide
was injected at 3.2 cubic feet per hour; and it was attempted to inject TEP at approximately
61 cubic centimeters (cm’) of liquid per hour.

Prior to injection, vapor samples were collected at the new probe locations (BV-4, BV-5, and
BV-6) and BV-3 and were analyzed for the presence of nitrous oxide (by field instrument) and
TEP (by laboratory analysis) as baseline measurements. Then, the injection was commenced
according to the calculated injection rates for air, nitrous oxide, and TEP on the planned pulsing
cycle of 7 days ON and 4 days OFF for two cycles.

Performance data collection included the measurement of oxygen, carbon dioxide, nitrous oxide,
and TEP concentrations at injection wells and observation points screened in the vadose zone.
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Cycle 1 Results
The highlights of Cycle 1 are as follows:

o Breakthrough of atmospheric oxygen conditions occurred at MW5, BV-3, and BV-6
by Day 2 of the ON pulse.

e Breakthrough of atmospheric oxygen conditions did not occur at BV-4 or BV-5 for the
first 7 days of the ON pulse. The pulse was continued an additional 3 days, but still no
breakthrough occurred. During the pulse, no appreciable rise in oxygen was observed
in either probe location.

e Breakthrough of nitrous oxide occurred at all observation points, including BV-4 and
BV-5 by Day 2 of the ON pulse.

o Pressure readings indicated that all three of the new probe locations are within the
radius of bioventing influence.

e TEP volatilization was negligible during the ON pulse.

¢ Respirometry testing conducted during the OFF pulse showed respiration at all
oxygenated wells and probes.

Refer to Table 3-5 for the field data.

The appearance of nitrous oxide in BV-4 and BV-5 indicated that the probe locations are within
the bioventing area of influence. However, the lack of appearance of oxygen at the same probe
locations may suggest that the oxygen is being biologically used faster than it is being delivered
at the “edge” of the area of influence. Therefore, for Cycle 2, the air injection rate was increased
from 5 scfin to between 15 and 20 scfim to determine if excess oxygen can be delivered to BV-4
and BV-5.

Additionally, the TEP delivery apparatus was modified to increase the ait/TEP contact area.
With this modification and the increased injection rate, higher volatilization rates of TEP should
be observed.

Nitrous oxide was not injected during Cycle 2, since distribution of the gas in the vadose zone
was already demonstrated during Cycle 1.

Cycle 2 Results
The highlights of Cycle 2 are as follows:

» The higher flow rate led to atmospheric breakthrough at BV-5 by Day 6 of the ON
pulse.

e BV-4 showed no indication of oxygenation by Day 9 of the ON pulse.
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o TEP volatilization/injection rate was measured using the level indicator of the nutrient
vessel. The TEP level decreased approximately 0.3 inches in 3 days, with the vessel
filled approximately % of its total volume with TEP. Based on the dimensions of the
55-gallon drum (d1ameter of 24 inches), the TEP volatilization/injection rate was
calculated to be cm® per hour.

¢ Due to the rapid degradation of TEP that was experienced under laboratory conditions,
direct measurement of TEP in the collected vapor samples was not possible.
Therefore, by-product quantification was performed as an indicator of TEP presence
in the vapor samples. Apparently, ethanol is a major by-product of TEP degradation.

o FEthanol was detected in trace amounts in the system influent stream, but generally not
detected at any of the new probe locations.

Refer to Table 3-5 for the field data for Cycle 2. Laboratory data for ethanol are tabulated in
Table 3-6.

Despite the higher injection rate, atmospheric breakthrough could not be achieved at BV-4. It
would appear that this probe cannot be adequately oxygenated by injection exclusively through
wells BV-1 and BV-2 with the current blower at the site. Increasing the injection flow rate to an
even higher flow rate by an upgrade of the blower without concurrent extraction of the soil vapor
is not recommended. Reasonably low-flow conditions for injection must be maintained since no
extraction wells exist in the current bioventing configuration.

The absence of ethanol at BV-4, BV-5, and BV-6 indicates the lack of distribution of TEP to the
diesel-affected soils Wlth the current injection well field. Further, TEP could not be injected at
the target rate of 61 cm’® per hour.

The conclusions of the nutrient test are as follows;

e Nitrous oxide could be effectively distributed to outlying probe locations, but oxygen
and TEP could not be. Therefore, at least one additional injection well is
recommended to sufficiently oxygenate and fertilize the diesel-affected soils

o TEP was injected at a rate of approximately 31 cm® per hour, which was below the
target rate of 61 cm® per hour. Therefore, the TEP level in the nutrient vessel should
be raised by adding additional TEP, which will increase the air/TEP contact time,
thereby, increasing the volatilization rate.

3.44 Equipment and Apparatus for Potential Full-scale Implementation

Wellfield

Based on results of the nutrient test, the current well field should be expanded for sufficient
oxygenation of the vadose zone. Simultaneous air injection at bioventing wells BV-1 and BV-2,
and at BV-4 is recommended at full scale.
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Nutrient Addition

A limited mass of nutrients will be added to the vadose zone as demonstrated in the nutrient test,
There will be no percolation of nutrients into the groundwater since the nutrients will be
delivered in the vapor phase. Because of the limited quantity of vapor-phase fertilizer that will be
added and because of the stoichiometric/kinetic control of its delivery, the nutrients introduced
into the subsurface will be absorbed and used in the vadose zone only, and thus, will not result in
a discharge to groundwater. Fertilization of the vadose zone at full scale will not have significant
impact to regional groundwater quality.

Operating Parameters

During potential full-scale operation, air will be injected at 6 scfm; nitrous oxide will be injected
at 3.2 cubic feet per hour; and TEP will be injected at a target rate of 61 cm® of liquid per hour.
Additionally, the pulsing cycle will be 7 days ON and 4 days OFF.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

Based on the results of the biosparging, bioventing, and nutrient addition pilot tests, the
following conclusions can be made:

1.

The biosparging test indicated that the groundwater could not be effectively
oxygenated, likely due to the low permeability soils in the saturated zone.

The short-term bioventing test indicated that the vadose zone can be effectively
oxygenated.

The respirometry testing indicated that oxygenation of the vadose zone at
approximately 20 to 25 feet bgs stimulates biological activity.

Stoichiometric analysis showed that the site is nitrogen-deficient for supporting
complete biodegradation of the diesel-affected soil.

Carbon dioxide production rate regressions and oxygen use rate regressions also
suggest that nutrient addition will be beneficial during bioventing.

Nutrient testing showed that nitrous oxide could be completely distributed effectively
in the vadose zone, but not oxygen or TEP with the current injection well field (BV-1
and BV-2).

Oxygenation and vapor-phase fertilization of the diesel-affected soils using an
expanded injection well field should be performed to address nutrient and oxygen
deficiency of the entire impacted vadose zone.

Fuli-scale operation of a bioventing system with nutrient-addition apparatus is
recommended to remediate the diesel-affected soils using existing injection wells
BV-1 and BV-2 and one additional injection well at BV-4.
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- Page [ of 1
TABLE 2-1

SPARGING OPERATING PARAMETER AND OBSERVATION DATA

Sparge Parameters BS-2 BS-3 MW-5
Helium . . .
Date Well Pres*'sure Flow | njection DO Helium DO Helium DO Helium
(psig) (scfm) (%volume) (mg/L) {(ppm} (mg/L) {ppm) (mg/L) (ppm)
1047/2003 BS-] 3.8 4 5 0.06 0.32 0.03 0.05 0.07 2
10/8/2003 BS-1 24 2 2 0.09 0 0.08 0.55 0.22 0.7
10/10/2003 BS-1 24 3 2 0.02 0 0.07 0.1 0.2 2.4
10/13/2003 BS-1 24 3 2 0.08 0.09 0.03 0.2 0.1 2
10/14/2003 | BS-1 and BS-2 24 6 2 - - 0.15 0.68 0.24 0.32
10/15/2003 { BS-1 and BS-2 2.2 6 2 - - 0.03 0.73 0.13 0.6
10/17/2003 { BS-1 and BS-2 2.2 6 2 - - 0.04 0.15 0.1 1.2

Notes:

DO - dissolved oxygen

mg/L - milligrams per liter

ppm - parts per million

psig - pounds per square inch, gauge
scfm - standard cubic feet per minute
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RESPIROMETRY TEST I DATA

TABLE 2-2

Page I of |

BV-1 BvV-2 BV-3 MW-3 SP-1 SP-2 SP-3 SP-4 SP-5 SP-6
0O, CO, 0, CO, O, CO, 0, cQo, O, CO, 0O, CO, O, CO, O, CO, (O CO, 0, €O,
Date (%ovolume) | (%volume) | (%volume) | (%volume) | (%volume) (evolume) | (%volume) | (%volume) | (%volume) | (%volume) | (Y4valume) (%volume} | (%ovolume) | (%volume) | (Y%volume) | (Zevolume) | (%volume) (Yevolume) | (%volume) | (%volume)
10/8/2003 7.4 7.5 23 9.5 2.3 10.1 2 9.3 na na na na na na na na na na na na
10/6/2003 194 0.2 0.1 9.1 34 6.7 18.6 0.3 na na na na na na na na na na na na
10/10/2003 19.4 0.1 0 3.6 3.9 59 18.9 0.3 na na na na na na na na na na na na
10/13/2003 20.1 0 17.2 03 18.3 0.3 20.6 0.1 na na na na na na na na na na na na
10/14/2003 20.4 t} 17.9 03 18.9 0.3 20.3 0.1 na na na na na na na na na na na na
10/15/2003 20.5 0 19.8 0.2 19.5 0.2 20.5 0 na na na na 20.9 0 209 9.1 36 16.9 0.9
10/17/2003 19.9 0 19.7 0.2 189 0.2 19.9 0 16.9 4.2 19.7 0.2 20.3 0 203 9.2 4.7 15.1 1.8
16/20/2003 17.5 0.3 16.5 02 10.4 1.1 11.7 1.1 13.5 0.6 16.5 3.4 16 0.7 13.2 2.8 13.3 1.4 14.1 29
16/24/2003 9.6 13 12.5 0.8 10.7 2.2 10.6 1.6 11.3 2 18.7 22 20 ] 14.5 2 11 2 14.2 2.7
10/29/2003 5.7 33 8.1 1.7 4.2 4.2 6 4 8 2.6 11.5 53 114 1.4 9.2 3.5 10.2 3.1 11.8 43
11/3/2003 0.2 8.8 0.8 4.8 0 7.4 0.2 8.9 1.2 6.4 19 2.1 3.7 2.1 5.3 35 0 6 10.6 4.7
Notes: -

na - not analyzed

CO; - carbon dioxide

0, - axygen

Fig3-1, Table2-2, Table 3-1 - respiration test §

Biovent Pilot Test Report

UST Sie 43402, MCB Camp Pendleton
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CTO No. 0004, Revision 1, 09/26/05
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TABLE 2-3

RESPIROMETRY TEST il DATA

Page 1 of |

BV-1 BV-2 BV-3 MW-5 SP-1 Sp-2 SP-3 SP-4 SP-5 SP-6
0, CO, 0, Co, 0, CO, 0, co, 0, Co, 0, CO, 0, Co, 0, CO, 0o, CO, 0, co,
Date {%volume) | (%volume) [ (%volume) | (%volume) | (%volume) (%volume) | (%volume) | (%volume) | (%volume) | (%volume) (%volume) | (%volume) | (%volume) | (%volume) | (%volume) [ (Fevolume) {(%ovolume) | (%volume) | (%volume) | (%volume)

11/3/2003 0.2 8.8 0.8 4.8 0 74 0.2 8.9 1.2 6.4 19 2.1 3.7 2.1 5.3 3.5 0 6 10.6 4.7
11/4/2003 20.2 0.1 20 0.3 18.6 1.3 20.3 0.1 18.4 1.9 12.8 4.1 12.4 4.4 4.7 3.9 10.2 6.9 10.6 43
11/6/2003 20.2 0.1 20 0.1 19.2 0.7 20.7 0 19.2 0.9 12.8 4.5 17.2 1.8 14.7 2.9 13.4 54 9.9 4.4
11/10/2003 205 0 20.1 0.1 19.1 0.7 20.7 0 19.7 0.6 12.4 54 17 1.8 16.9 3.1 15.4 3.9 12.5 4.3
11/11/2003 119 0.9 15.9 0.7 14,2 14 15.9 1 15.6 1.1 15.2 4.4 175 1.1 16.3 32 15 3.5 12.7 4.3
FE/13/2003 1.4 34 6 1.8 3.6 34 ] 4 7.7 1.9 13.2 58 20.3 o 10.5 3.3 10.5 4.2 14.3 3.7

£

Notes:

CO, - carbon dioxide

O; - oxygen

Fig3-2, Table2-3, Table3-2 - respiration test {1

Biovent Pilot Test Report
UST Site 43402, MCB Camp Pendieton

DCN: SES-TECH-05-0126
CTO No. 0004, Revision 1, 99/26/05



RESPIROMETRY TEST III DATA

TABLE 2-4

Page 1 of 2

BV-1 BV-2 BV-3 MW.-5 SP-1
Q, CO, PID 0, Co, PiD 0O, CQO, PID 0, CO, PID G, CO, PID 0,
Date {S%volume) | (Sbvolume} | {ppm) | (Sevolume) | (%ovolume) (ppm) | {%volume) | (%ovolume) (ppm) | (Svolume) | (Sovolume) {ppm) | (%volume) | (Sevolume) {ppm) |} (Sevolume)
LI T7H2003 0.2 6.3 na 0.1 4.1 na 04 5.5 240 0.4 6.2 125 3.6 3.7 31 8.7
11/24/2003 20.7 Q na 20,7 0 na 19 0.8 187 20.7 0 140 20.7 0 6 6.8
12/3/2003 206 g na 20.8 0 na 19.4 0.6 159 20.6 0 130 20 0.2 8 15.8
124572003 4.5 2 na 142 0.2 na 13.2 1.6 na 7.6 2.7 na 11.2 1 na 14.5
12/8/2003 0.2 6.7 na 2.5 2.6 na 0.2 5.5 na 0.4 6.3 na 7.7 2.1 na 12
Notes:

CO; - carbon dioxide

na - not analyzed

0; - oxygen

PID - photoionization detector
ppm - parts per million

Fig3-4, Fig3-3. Table2-d, Table3-3 - respiration test FI and biovent test

Biovent Pilot Test Report
UST Site 43402, MCB Camyp Pendleton
DCN: SES-TECH-05-0126
CTO No, D004, Revision 1, 00R26/05




TABLE 2-4

RESPIROMETRY TEST III DATA

Page 2 of 2

SP-2 SP-3 SP-4 SP-5 SP-6 MW-1
COo, PID 0, Co, PiD 0, CO, PID O, co, PID 0, Cco, PID o, co, PID
Date (Sevolume) | (ppm) ] (Svolume)| (%volume) | (ppm) | (Sbvolume) | (Sovolume) (ppm) | (%volume) | (%volume)| (ppm)} | (Sevolume) } {Sovolume) {ppm) | (Svolume) | (%volume}| (ppm)
11/17/2003 6.4 5 13.1 0.9 23 38 472 8 4.3 4.4 10 [2.5 4 5 4.9 78 i
11/24/2003 7.2 5 19.3 0.3 4 20.5 0.2 3 16.3 3.6 16 11.8 39 i1 6.1 4.6 5
124372003 4.4 5 19.7 0.3 I 20.7 0 i 174 23 17 18 2.3 14 6.2 6 8
12/5/2003 55 na 18.5 0 na 20.3 0.1 Ba 14.7 29 na 16.4 3.3 na na na na
12/8/2003 6 na 14.7 0.6 na 15.7 0.7 na 12 2.2 na 16.8 2.5 na na na na

Notes:

CO; - carbon dioxide
na - not analyzed

O, - oxygen

PID - photoicnization detector

ppm - parts per million

Fig3-4, Fig3-3, Table2-4, Table3-3 - respirarion test [T and biovent test

Biovent Pilol Test Report
UST Site 43402, MCB Camp Pendleton
DCN: SES-TECH-05-0126

CTO No. DO, Revision 1, 09726005




TABLE 2-5

Page 1 of |

SHORT-TERM BIOVENTING TEST DATA FOR INJECTION WELL BV-1

Observation r, distance P, vacuum | P, vacuum
Point (feet) {"H,(») {psia) Inr P Regression
0.16666 8.20 14.40 -1.791799 | 207.2377
MW5 5 0.34 14.68 1.6094375| 215.48861 | 215.514722
BS-3 14 0.17 [4.69 2.6390573 ] 215.66884 | 215.634908
BS-2 15.5 0.18 14.69 2.74084 §215.65824| 215.646789
MW1 60 0.06 14.69 4.09434461215.78551 | 215.804781
1% vaccuum 0.082 14.69
| Regression parameters
215.33intercept, Bo
0.12|slope, B1
0.95|r2
(1% radius | 42 feet

Notes:

bioventing well: BV-1

injection rate: 5 scfm

H,O - water

psta - pounds per square inch, absolute
scfm - standard cubic feet per minute

‘Fable 2-5 - P2InR calcs-BV-linjection

Biovent Pilot Test Report

UST Site 43462, MCB Camp Pendleton
DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05



TABLE 2-6

SHORT-TERM BIOVENTING TEST DATA FOR INJECTION WELL BV-2

Observation r, distance P, vacuum | P, vacuum
Point (feet) {"H20) (psia) Inr P2 Regression
0.16666 10.10 14.33 | -1.791799] 205.26737
MW35 10.5 0.22 14.68 | 2.3513753| 215.61583] 215.615239
BS-3 17 0.16 14.69 | 2.8332133] 215.67945; 21566258
BS-1 15.5 0.2 14.68 2.74084| 215.63703| 215.653505
MW1 60 0.06 14.69 | 4.0943446] 215.78551] 215.786488
1% vaccuum 0.101 14.69
Regression parameters
215.38 |lintercept, Bo

0.10}slope, B1

0.97ir2
t1% radius | 38 feet |

Notes:

bioventing well: BV-2

injection rate: 5 scfm

H,0 - water

psia - pounds per square inch, absolute

scfm - standard cubic feet per minnte

Table -6 - P2InR cales-BV-2injection

Page 1 of |

Biovent Pilot Test Report

VST Site 43402, MCB Camp Pendleton
DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05
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TABLE 2-7

EXTENDED BIOVENTING TEST DATA

BV-1 BV-2 BV-3 . MW-5
‘ 0, CO, 0, CO, 0, CO, 0, CO,
Date (%volume) | (%volume) (%evolume) {%volume) (Yovolume) {%volume) (Sovolume) (% volume) Cycie Parameters
1/5/2004 20.6 0 20.6 0 20.6 (] nm nm
1/9/2004 0.2 15 48 3.3 2.4 4.9 0.2 6.4 OFF since 1/5, turned ON at 6 sefm
2/2/2004 0.3 13 4.3 5.1 nm nm nm nm OFF since 1/27, turned ON at 6 scfm
2/9/2004 0.2 7.6 3.6 5.2 7.5 3.8 1.9 5.7 OFF since 2/6, turned ON at 6 scfm
2/23/2004 0.3 4.9 3.8 2.8 nm nm 7.8 3 OFF since 2/19, tumed ON at 6 scfm
3/4/2003 1.2 5.4 134 1 111 1.4 3.9 4.8 OFF since 3/1, turned ON at 6 scfm
3/15/2004 03 8.2 7.5 2.8 11.2 1.9 0.7 3.2 OFF since 3/11, turned ON at 6 scfm
372872004 0.1 39 3.1 29 3.7 2.6 0.2 5.3 OFF since 3/23, turned ON at 5 scfim

Notes:

CQO2 - carbon dioxide

nm - not measured

02 - oxygen

sclm - standard cubic feet per minute

Biovent Pilot Test Report
UST Site 43402, MCB Camp Pendleton
DCN: SES-TECH-05-0i26

Table2-7, Fig 3-5 and 3-6- biosparge-full scale test CTO No. 0004, Revision 1, 09/26/05



TABLE 3-1

OXYGEN USE REGRESSION ANALYSES FOR RESPIROMETRY TEST 1

- Page 1 of |

O, (%evolume)

date BV-1 BV-2 BV-3 MW-5 SP-1 Sp-2 SP-3 5P-4 SP-5 SP-6
10/17/2003 19.9 19.7 18.9 15.9 169 19.7 20.3 20.3 9.2 15.1
10/20/2003 17.5 16.5 104 11.7 13.5 16.5 16 13.2 13.3 14.1
10/24/2003 9.6 12.5 10.7 10.6 11.3 18.7 20 14.5 11 14.2
10/29/2003 5.7 8.1 42 6 8 11.5 114 9.2 10.2 11.8
11/3/2003 0.2 0.8 0 0.2 1.2 19 3.7 5.3 0 10.6
Regression Parameters BV-1 BV-2 Bv-3 MW-5 SP-1 SP-2 SP-3 SP-4 SP-5 SP-6
k (%/day) -1.18 -1.08 -1.01 -1.03 -0.86 -0.13 -0.91 -0.78 -0.54 -0.27
P2 0.98 0.99 0.92 0.94 0.97 0.07 0.80 0.89 0.53 0.94

in hydrocarbon-affected soil? yes yes yes yes no no no no no no

Notes:
O, - oxygen

Fig3-1, Table2-2, Table 3-1 - sespiration test 1

= Kiou-avEg - Kgigravg

8|= average k value in clean soil

8{= average k value in hydrocarbon-affected soil

Biovent Pilot Test Report

UST Site 43402, MCB Camp Pendleton

DCN: SES-TECH-035-0126

CTO No. 0004, Revision 1, 09/26/05



OXYGEN USE REGRESSION ANALYSES FOR RESPIROMETRY TEST II

TABLE 3-2

. Page 1of |

Notes:
0, - oxygen

Fig3-2, Table2-3, Table3-2 - respiration test 11

O, (F%volume)

Date BV-1 BV-2 BV-3 MW-5 SP-1 Sp-2 SP-3 SP-4 SP-5 SP-6
11/10/2003 20.5 20.1 19.1 20.7 19.7 12.4 17 16.9 154 12.5
11/11/2003 11.9 15.9 14.2 15.9 i5.6 15.2 17.5 16.3 15 12.7
11/13/2003 1.4 6 3.6 1 7.7 13.2 20.3 10.5 10.5 14.3

Regression Parameters BV-1 BV-2 BV-3 MW-5 SP-1 SP-2 SP-3 SP-4 SP-5 SP-6
k (%/day) -6.21 -4.74 -5.19 -6.69 -3.99 0.09 1.14 -2.24 -1.72 .63
12 0.98 1.00 1.00 0.99 1.00 0.01 0.96 0.94 0.93 0.95
in hydrocarbon-affected soil? ves yes yes yes no no no o no no
1|= average k value in hydrocarbon-affected soil
= gverage k value in clean soil
91= Kiour-avg - Kasrave

Biovent Pilot Test Repont
UST Site 43402, MCB Camyp Pendleton
DCN: SES-TECH-05-0126
CTO No. 0004, Revision 1, 09/26/05




TABLE 3-3

OXYGEN UTILIZATION REGRESSION ANALYSES FOR RESPIROMETRY TEST III

+ Page 1 of 1

Notes:
0O, ~ oxygen

O, (%volumei
Date| BV-1 BV-2 BY-3 MW-5 SP-1 SP-2 SP-3 SP-4 SP-3 SP-6
12/3/2003 20.6 20.8 194 20.6 20 15.8 19.7 20.7 174 18
124542003 4.5 14.2 13.2 7.6 1i.2 14.5 185 20.3 14.7 16.4
12/8/2003 0.2 25 0.2 0.4 7.7 12 14.7 15.7 12 16.8
Regression Parameters)| BV-1 BV-2 BV-3 MW-5 SP-1 SP-2 SP-3 SP-4 SP-5 SP-6
k(%/day)t -3.87 -3.68 -3.88 -3.91 -2.36 -0.77 -1.02 -1.04 -1.07 -0.21
2| 0.82 1.00 0.99 0.92 0.88 1.00 0.97 (.89 0.99 0.40
in hyg_lrocarbon-af fected 50il? yes yes yes ves no no no no no o
3|= average k value in hydrocarbon-affected soil
= average k value in clean soil
6|= Kion-ave - Kgiravg

Biovent Pilot Test Report
UST Site 43402, MCB Camp Pendieton
DCN: SES-TECH-05-0126

Fig3-4, Fig3-3, Table2-4, Table3-3 - respiration test [If and biovent test CTO No, 0004, Revision 1, 09/26/05



TABLE 3-4

SOIL SAMPLE RESULTS FOR NEW PROBE BV-4, BV-5, AND BV-6 INSTALLATION, UST SITE 43402

. Page lof |

Nutrients
Depth Hydirocarbon-
Soil Boring Date (feet below Nitrate-Nitrite- | Orthophosphate- | Oxidizing Microbial
D Sampled Sample ID grade) TPH-d ] Ammonia-Nitrogen Nitrogen Phosphorous Population Moisture

mg/kg mg/kg mg/ke mg/kg MPN/g % Wt

B34-BV4 20-Apr-04 | 0063-060/061/062 | 21.5t0 23 | 28,000 10.2 104 <20 43x 10" 14.1
B35-BV35 21-Apr-04 | 0063-068/069/070 | 181022 ND 10.7 13.2 <20 74 % 10° 13.7

B35-BVS5 Dup| 21-Apr-04 0063-071 ) 22.5 ND na na na na na
B36-BV6 21-Apr-04 | 0063-065/066/067 17-22 6,700 137 18.5 <20 6.7 x 10' 3.8

" Reporting Limits 10 5.0 0.5 0.2 0.2 x 10’

Notes:

Dugp - Fiekd duplicate sample

EPA - U.S, Environmemal Protection Agency

mg/kg- milligrams per kilogram

MPN-g - Most Probable Number/gram

na - not analyzed

ND - Not detected above laboratary detection kinits

TPH-d - total exiractable petroleum hydrocarbons quantified as diesel
UST - Underground Storage Tank

table3-4

Biovent Pilot Test Report

UIST Site 43402, MCB Camp Pendleton
DCN: SES-TECH-05-0126

CTO No. 0004, Revision 1, 09/26/05




Page I of 1

TABLE 3-5
NUTRIENT TEST FIELD DATA
Alr Influent Gas MWS5/BV-3 Pl P2 P3
Injection
Cycle | Dayof | Rate N;O N;O N0 N0 N0

Date/Time | Cycle# | Mode | Cyecle | (scfm) (ppmv)| %0, | %CO,} (ppmv) | %0, | %CO, | (PP} | %O, %CO, |(ppmv}| %O, | %CO, | (PPmV)| %0, | %CO,
4/27/2004 | baseline : 0 3.0/0.7 § 5.1/6.2 0 1.5/2.9 ] 11.6/4.2 0 9.2 7.5 0 2.7/1.8175/3.6
4/27/12004 1 ON 1 5 612 | 20.7 0

4/28/2004 1 ON 2 3 640 | 207 0 [385/618]20.3/17.3] 0.2/1.2 37 0.8 13.2 i17 4.2 5.2 618 16.8 1.6
4/29/2004 1 ON 3 5 27 20.7 0 |152/623]20.7/18.21 0.1/1.7 618 14 14.1 619 6.9 10.3 618 18.2 1.4
5/3/2004 1 ON 7 5 4 20.7 0 ]9.9/15.2]20.6/19.5] 0/0.6 637 0.8 14.8 658 10 10 7.1 18.5 .1
51512004 1 ON 9 5 nm nm nm | 62/615 {20.6/194] 0/0.7 | 619/650 | 1.3/1.4 | 14.0/9.21 625 10.3 8.9 592 18.4 1
5/6/2004 1 ON 10 5 nm nm nm |619/612119.6/19.21 0/0.5 637 1.4 14.8 629 10.3 2.8 622 18 0.9
5/7/2004 1 OFF 1 - 650 | 14.1 0 1626/628]13.9/18.21 1.1/0.7 607 1 15 nm nm nm 618 15.2 2.2
5/10/2004 ) OFF 4 - 626 1 6.7 [637/618| 1.2/64 | 6.7/4.9 608 1.7 14.4 608 10.1 3.8 622 7.9 5.5
5/12/2004 i OFF 6 - 645 0.8 7.1 |639/626) 3.3/1.4 | 6.3/8.6 nm nm am 624 5.8 9.8 nm 3.5 3
5/16/2004 2 ON i 15 nm nm nm nm mn nm nm nm nm nm nm nm nm nm nm
5/17/2004 2 ON 6 10 mm | 20.7 0 nm  |20.2/20.5] 0/0 nm 0.8 9.1 mm 16.2 32 nm 20,2 0.2
5/2042004 2 ON 9 L 125 nm | 20.7 0 nm [19.9/19.9| 0/0.1 nm 1.7 12 nm 153.1 3.1 nm 19.6 0

MNotes

CO; - carbon dioxide
N3O - nitrous oxide

nm - net measured

O; - oxygenppmyv - parts per million by volume
scfm - standard cubic feet per minute

table3-5 nutrient test field daea

Biovent Pilot Test Report
UST Site 43402, MCB Camp Pendleton
DXIN; SES-TECH-03-0126
CTO No, 0004, Revision 1, 09/26/05




Table 3-6

TABLE 3-6

LABORATORY ANALYTICAL RESULTS FOR NUTRIENT TEST

- Page 1 of |

Ethano! Concentration
Influent P-1 P-2 P-3 Sampling Event
Time/Date (ppbv) (mg/m®) {ppbv) (mg/nr’) {ppbv) (mg/m’) (ppbv) {mg/m) Description
4/277/04 1459 2835.00 na na na na na na baseline
4/28/04 na na 213.9] 415.57 ND ND ND ND progress #1, Cycle #1
5/3/04 436.1J 847.11 ND ND ND ND ND ND progress #2, Cycle #1
5/6/04 ND ND ND ND ND ND ND ND eND Cycle #1
5/17/04 204.43 397.13 ND ND ND ND ND ND progress #1, Cycle #2
Notes:

J - estimated value

mg/im® - milligrams per cubic meter

na - not analyzed
ND - not detected

ppbv - parts per billion by volume

Biovent Pilot Test Report

UST Site 43402, MCB Camp Pendieton
BCN: SES-TECH-D5-0126

CTO No. (004, Revision 1, 09/26/05
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gas concentration in headspace (%)

Figure 3-1

Respiratory Gas and Dissolved Oxygen Levels

for Biosparging Test and Respirometry Test |
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Biovent Pilot Test Repor!

UST Site 43402 MCB Camp Pendleton
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CTO No. 0063, Revision 0, 06/18/04



headspace (%)

Figure 3-2
Respiratory Gas Levels for Respirometry Test I
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Biovent Pilot Test Repor!

UST Site 43402, MCB Camp Pendleton
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CTO No. 0004, Revision 1, 09/26/05



headspace (%)

Figure 3-3
Respiratory Gas Levels for Respirometry Test Il
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Biovent Pilot Test Repor!

UST Site 43402, MCB Camp Pendleton
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PID reading (ppm)

Figure 3-4
VOC Concentration-Oxygenation Correlation
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Figure 3-6
O, Utilization Rates

During Extended Bioventing Test
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Biovent Pilot Test Repor!

UST Site 43402, MCB Camp Pendleton
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CTO No. 0004, Revision 1, 09/26/05



ATTACHMENT 1
BIOVENT WELL PERMIT AND BORING LOGS

040166 Appendix A-PTR Biovent Pilot Test Repon
UST Site 43402, MCB Camp Pendleton
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PERMIT #W101324
A.P.N. #101-520-14
EST #H05939-236

COUNTY OF SAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH
LAND AND WATER QUALITY DIVISION

MONITORING WELL CONSTRUCTION PERMIT

SITE NAME: UST SITE 43-402

SITE ADDRESS: MARINE CORPS BASE, CAMP PENDLETON, CA 92055
PERMIT TO: INSTALL 3 GROUND WATER MONITORING WELLS
PERMIT APPROVAL DATE: MAY 29, 2003

PERMIT EXPIRES ON: SEPTEMBER 26, 2003

PERMIT CONDITIONS:

1.

Contact the Regional Water Quality Control Board for their comments and
concerns regarding the proposed activities

ells must have a minimum 3-foot concrete surface seal. The surface seal
shall consist of concrete able to withstand the maximum anticipated load without
cracking or deteriorating. The concrete should meet Class A specifications of a
minimum 4000-pound compressive strength.

All water and soil resulting from the activities covered by this permit must be
managed, stored and disposed of as specified in the SAM Manual in Section 5,
E- 4. (hitp://www.sdcounty.ca.gov/deh/lwg/sam/manual guidelines.htmi). In
addition, drill cuttings must be properly handled and disposed in compliance with
the Stormwater Best Management Practices of the local jurisdiction.

Within 60 days of completing work, submit a well construction repott, including all
well and/or boring logs and laboratory data to the Well Permit Desk. This report
must include all items required by the SAM Manual, Section 5, Pages 6 & 7.

This office must be given 48-hour notice ‘of any drilling activity on this site and
advanced notification of drilling cancellation. Please contact the Well Permit
Desk at 338-2339.

7 d
APPROVED BY: / ,444/7,\,-/59»170/’/:/’;’; e DATE: 05/29/2003

NOTIFIED: [/./m. 8T 9/2-‘?463}”

- / tjCAROL SFj’ANGENBERG
.

e

DEH:SAM-9075 (4/03)
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PERMIT APPLICATION A S OFFICE USE ONLY

GROUNDWATER ‘ PERMITH: W 7Y 3’:-:2—"}'/
IR , -. s
AND RECEIvep SAM CASE YN H S5 37

VADOSE MONITORING WELLS /13 . Woie g DATE RECEIVED: ¥ ¢ & a3 |
AND EXPLORATORY OR TEST BORINGS ~~ ~~ Ff 11 06! FEE PAID: & 432 #2307 329

— T DoE !‘.‘ :
AR o
A. RESPONSIBLE PARTY Marine Corps Base Camp Pendleton Phone (760)725-9744
Mailing Address Building 22165 , Area 22 City Camp Pendleton State California = Zip 92055-5008
Contact Person_Tracy Sahagun, AC/S Environmental Security Phone (760)1725-9774 ext.
B. SITE ASSESSMENT PROJECT IF APPLICABLE #H 035939-236
C. CONSULTING FIRM _ Tetra Tech FW
Mailing Address _ 1940 E. Deere St. Suijte 200 City Santa Ana State California Zip 92705
Registered Professional _Mark Cutler Registration # 4487 (RG, RCE, CEG)
Contact Person _ Mark Cutler Phone (949) -756-7526 _ext.
Wap V4 frog— ' "D
D. DRILLING COMPANY st fpimat O 81958 po) wsta-szeo
Mailing Address =29 % fz 574"‘"‘“‘% City S ”"FB’% StateCo . Zip F2// O
E. CONSTRUCTION INFORMATION
PROPOSED CONSTRUCTION
TYPE OF WELLS/ MATERIALS TO BE USED SITE 43402
JRORINGS TO BE i
NSTRUCTED CASING SEAL Estimated depth to ground water 28 ft.
) Pe # CEMENT SEAL SURFACE to _3 feet
o Type PVC []Neat Cement - | BENTONITE SEAL 3 feet to_28 feet
Gauge Sch. 40 or 80 X Cement & Bentonite | FILTER PACK 28 feet to _ 35 feet
Diameter 2-inch [] Sand-Cement PERFORATION 30 feet to 35 feet
Well Screen Size 0.010-inch [X] Bentonite PROPQOSED CONSTRUCTION
Filter Pack [] Other SITE 210620

{Specify)_Lopestar #2/16 or equivalent only)

C v i iy
NUMBER OF WELLSTO | pripi -
Drilling Method _ BENTONTTE Sl 348 o 38 feet
BE DESTROYED # 0 5 Avger [ Air Rotor
] Mud Ro FILTER PACK __ 0o
0 Pemsetn, [ Other PERFORATIONP 40 feet to _50 feot
pROPID DRILLING DATE

I agree to comply with the requirements of the current Site Assessment and Mitigation Division Manual, and with all ordinances and

laws of the County of San Diego and the State %‘ﬁm’ng to well/borihg construction and destruction.
=72 :;/s/ 3

4

DRILLER'S SIGNATURE ‘DATE

Within 30 days of completion, I will furnish the Monitoring Well Permit Clerk with a complete and accurate well/boring log. I will
certify the design and construction/or destruction of the well/borings in accordance with the permit application.

N aode, GO ¢ er
RG/RCE/CEG SIGNATURE DATE
County of San Diego

EH:SAM-9060 (Rev. 01/03) Page 1of 4 Department of Environmental Health



F. SITE INFORMATION

i

~ s
e
o

" 1. ASSESSOR’S PARCEL NUMBER _101-008-606"

Site Name _Marinc Corps Base Camp Pendleton, California , UST Site
43 Ares

City _Camp Pendleton

Zip 92055

Site Address _ Building 43402

/

PERTY OWNER United States Marine Corps, AC/S Environmental Security

Phone (7601725-9774

Mailing Address _Building 22165, Area 22

City Camp Pendleton State _ CA

Zip 92055-5008

NUMBER OF WELLS 3 Well Boring

TYPE OF WELLS Groundwater monitoring

2. ASSESSOR'S PARCEL NUMBER _101-000-000

Site

@nc _Marine Corps Base Capam.De

2

ndleton, California , UST Site

C]ty lr‘ A

NUMBER OF WELLS 2 Well Boring

TYPE OF WELLS Vapor extraction wells

G. FEES (in effect beginning Jan. 10, 2003, through June 30, 2003):

ACTIVITY FEE SCHEDULE AMOUNT -
Permit for Well Installations Only
{Groundwater Monitoring Wells $160.00 for the first well 1 x 5160.00 3 160.00
Vadose, Vapor Exiraction Wells) $135.00 for each additional well 4 x $135.00 §540.00
v ‘t for Borings Only
v s, Hydropunch, Geoprobes, $160.00 for the {irst boring x $160.00 §
Temporary Well Points, etc.) $40.00 for each additional boring x 5 40,00 §
Permit for
Well Destructions Only $160.00 for the first destruction x $160.00 3
$105.00 for each additional destruction x $105.00 §
Permit for any Combination of Well The first activity {(of any type) will be
Installations, Borings & Destructions $160.00. x $160.00 3§
{except UST backfill permit) Additional activities will be as follows: x $135.06 §
$135.90 for each well x $40.00 $
3 40.00 for each boring x $105.00 %
$105.00 for each well destruction
Permit for Underground Storage Tank
Monitoring System in Backfill (ie. $300.00 $
enhanced leak detection) (Flat Fee)
TOTAL COST OF PERMIT $700.00
County of San Diego
JEH:SAM-9060 (Rev. 10/98) Page 2 of 5 Department of Envirommental Health



H. APPLICATION SUBMITTAL, PLAN APPROVAL, PERMIT ISSUANCE, AND REQUIRED
INSPECTIONS '

Submit one (1) original and two (2) copies of this application package, including plan drawings with the required
;e to the Department of Environmental Health, Site Assessment and Mitigation Division (SAM). 1255 Irnperial
renue, San Diego, CA 92101. Or mail to P. O. Box 129261, San Diego, CA 92112-9261. Checks should be

made payable to the County of San Diego.

A permit will be issued by SAM upon review and approval of the application and plans. The required fees must
be submitted with the application package. Information in addition to that presented in the application package
may be needed in order to obtain final approval. No work is to begin on the proposed project until a permit has
been issued. The required inspections cannot be scheduled until a permit is issued.

Once the permit has been issued, it is the responsibility of the permittee to notify SAM at least two (2) working
days in advance to schedule each required inspection.

USE ONE APPLICATION PACKAGE FOR A SINGLE SITE PROJECT. A SINGLE PERMIT WILL BE

ISSUED FOR A SINGLE SITE PROJECT, EVEN IF WELLS/BORINGS ARE COMPLETED ON MORE
THAN ONE PROPERTY. FOR MULTIPLE SITE PROJECT'S, USE SEPARATE APPLICATIONS.

—

County of San Diego
DEH:SAM-9060 (Rev. 01/03) Page 3 of 4 Depantment of Environmental Health



1.
2.

-

4,

5.

6.

PERMIT APPLICATION FOR
GROUND WATER AND VADOSE MONITORING WELLS
EXPLORATORY OR TEST BORINGS

o For well destruction, complete only #1 below.

e Well design, logging and construction must be supervised by a Geologist, Engineering Geologist or Civil
Engineer who is registered or certified by the State of California.

o Well driller must have an active C-57 License and current $2,500 bond with the County.

o Provide a plot plan giving location of property lines, existing improvements such as structures,
underground tanks, underground utilities, underground piping, and the proposed momtoring and/or
observation wells.

¢ Ifapplicable, Provide a signed copy of the Property Owner Responsibility form for each property listed
n Section "F".

» Provide encroachment/excavation permit and/or traffic control permit for work to be done in street or
public right of way.

If wells are to be destroyed, provide a description of method of destruction. NA

What is the proposed purpose of the well/boring?_At Site 43402 wells will be used to support a

biovent/biosparge pilot test; at Site 210620 wells will be used to support a soil vapor extraction pilot test, L

What procedures will be used to prevent the well/boring from providing an avenue to contamination during
construction? All drilling arid sampling equipment will be decontaminated prior to drilling, appropriate well

construction and backfill procedures will be followed in accordance with the SAM 2003 manual and the

California Well Standards Bulletin 74-90 and Bulletin 74-81.

What field procedures will be utilized to determine if contamination exists? A Photo-Jonization Detector (PID})

or other similar device will be used to screen soil cuttings and samples.

What procedures will be used to determine whether samples will be sent for laboratory testing or archiving?

Discrete intervals will be sampled/tested based on project requirements and samples with highest PID

Readings.

“What constituents will be monitored and tested (Include EPA Laboratory Test Methods to be used)? The

following constituents will be analyzed or at Site 43402:
- TPH quantified as diesel by USEPA Method 8015B

- BTEX and MTBE by USEPA Method 8021

- PAHs by USEPA Method 8310

County of San Dieg

DEH:SAM-9060 {Rev. 01/03) Page 4 of 4 Department of Environmental Healll



The following constituents will be analyzed or at Site 210620:

- TPH-quantified as gasoline by USEPA Method 5035/80158

- VOCs (including BTEX and MTBE} by USEPA Method 5035/8260B

- Total lead by USEPA Method 6010B

7. How will samples be transported and preserved. Samples will be stored in a cooler with ice, and transported

directly to the laboratory. In addition, samples will be accompanied by appropriate Chain of Custody

documentation.

8. What sampling methods will be used? Continuous core sampling will be conducted.

9. Are you proposing a variation from the methods and/or procedures presented in the requirements for the
construction of Vadose and Ground Water Monitoring Wells (Current SAM Manual Requirements). If yes,
specify these variations. NO.

10. What procedures will be used to ensure no contamination will be introduced by the drilling equipment?

All drilling equipment will be decontaminated prior to use and between boring locations.

11. What methods will be used to clean sampling equipment? All sampling equipment will be washed in a

detergent solution. rinsed with potable water and rinsed again with dejonized water

What cleaning method will be used to clean casing and screen prior to installation? Materials will arrive

on-site pre-cleaned.

. County of San Dieg:
DEH:SAM-2060 (Rev. 01/03) Page 5of 4 Department of Environmental Healtl
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Figure 1-1
SITE VICINITY MAP
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Figure 1-2
SITE LOCATION MAP
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Figure 3—1
LOCATIONS OF PROPOSED SOIL BORINGS
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FOSTER \W) WHEELER
ENVIRONMENTAL CORPORATION

LOG OF BORING
43402-B31 (BS/BV-1)

(Sheet 1 of 2)

Client: SWDIV

Drilling Company: West Hazmat

Project; Continued Remediation of Multiple UST Sites

Dyilling Method: Hollow-Stem Auger

Project Number: 1990.063D

Sampling Method: Continuous Core

Location: MCB Camp Pendleton

Borehole Diameter:

10 in. 0-30F1,

Geologist: D. Dirkin

Northing: 2,071,772.00 Feet (NAD 83; NAVD 88)

Date Started: June 5, 2003

Easting: 6,207.0758.00 Feet (NAD 83; NAVD 88)

Date Completed: June 5, 503

Ground Surface Elevation: 252.40 Fest AMSL

Total Depth: 30.0 Feet bgs

Top of Casing Elevation: 251.50 Feet AMSL

=! 28 o {2 g . £
£ i B 21 8 | o ' g
S & Well/Boring 2{Sample | @ 312 LITHOLOGIC DESCRIPTION =)
=3 =g Remarks (= 2
g| 23 a " jel”|e 5
O o 0] i
m_. . r-_m.s_j Y Oto 47 :‘; clSILT: vary dark ‘;;ray,fi moist, mo&;?ralely stiff,
AEE @ E low plasticlty, 85% non-plastic fines, 10% plastic fines,
3 T;. | Eie-Flush Mounted Traffic 5% firre sand, no hydrocarbon staining or odor observed .
dEK K Box
HHR A M .
SEI B B Efe-Concrete Backfill 250
A 1 18 o 4
-1 2 2 ‘> {1.2cuft) -
m
AV 7 -
21707 - Hydrated Bentonits Hand augered to 5-feet bgs for utllity clearance
v Chips (2 cu ft)
s-ABH Y ¢ VP-1S 5 IDPVC) 0 —
ZQ VP-1D (0.57 ID PVC)
TRY
HYUH U 7 E
1Y #—A—8v-1(2"IDPVC)
VRN .
111 P =
7 2 2‘ ,:/: 4 8S-1 (2" ID PVC) 245 |
K1ETED E] F1+-2/16 Lonestar Sand ML
SR R E (e i
HIL "[>0.5" ID PVC Screen
10 el | A with 0.01"slots o
- 7/ =
00
e
/ 3 Y 7 i
g % é / 2-—Hydrated Bentonite
N , n J
1 0
g VU0 cisasan 240
R ZURY ]
5 UL K Ere-2/16 Lonestar Sand SANDY SILT: dark yellowish brown, molst, moderately
A 1 E o St low plasticlty, 45% non-plastic fines, 45% fine to
T T El~0.5" 1D PVC Sereen medium subangular sand (predominantly fine grain), 10% T
E 2 O with 0.017stols plaslic fines, micaceous, no hydrocarbon staining or odor
al 15— B b 1] chserved -
‘N 1IN -
- / é = Hydrated Bentonite -
é! _/ g ; Chips (1.5cu ft)
F 7 17 to 23 ft. POORLY GRADED SAND: dark greenish T
ZIR7
g //,; 70 gray, molst, modsarately densa, 95% fine to coarse sand 235
TRl 4 (predominantaly fine to medium grain), 5% non-plastic b
fines, strong hydrocarbon odor and visible staining
| observed .

210620 SVE MULTI-COMPLETION W/SS

Notes: Boring Log Reviewed By: M. Cutler 7/11/03
bga = balow ground surface
AMSL = above mean sea level
NA = not applicable
NAD = North American Datum

SVP = Soll Vapor Probe

VEW = Vapor Extraction Well

0 = Internal Diameter

PID = Photoionization Dector

PVC = Poly Vinly Chioride (Schedule 40)




210620 SVE MULTHCOMPLETION W/SS DEINEW-1.6P) FSTRW SAGDT 1171203

43402-B31 (BS/BV-1)
ENVIRONMENTAL CORPORATION Sheet 201 2)
Cllent: SWDWV Brilling Company; West Hazmat
Project: Continued Remediation of Multiple UST Sites Drilling Method: Hollow-Stem Auger .
Project Number: 1990.063D Sampling Method: Continuous Core
Location: MCB Camp Pendleton Borehole Diameter; 10 in. 0~30Ft.
Gealogist: D. Dirkin Northing: 2,071,772.00 Feet (NAD 83; NAVD 88)
Data Started: June 5, 2003 Easling: 6,207,078.00 Feet (NAD B83; NAVD BB)
Date Completed: June 5, 503 Ground Surface Elavation: 252.40 Fest AMSL
Total Depth: 30.0 Fest bgs Top of Casing Elavafion: 251.90 Feat AMSL
_ e 2 2 e
2| £2 s HERE H
5 aa Waell/Boring  |Bigample | 2| 3 | £ LITHOLOGIC DESCRIPTION 2
E ri @
=3 2 E Remarks 5| D al 2 a o
o| =28 @ T 5 i
3 30.9]
‘ POORLY GRADED SAND: dark greenish gray, moist,
[+ 216 Lonestar Sand moderately dense, 95% fine to coarse sand N
| {22cuf) {predominantely fine to medium grain), 5% non-plastic
+—2" ID PVC Screen fines, strong hydrocarbon cdor and visibie staning *
] with 0.01-inch Stots observed ‘ 230
72 23 1o 26 fl. POORLY GRADED SAND WITH GRAVEL: ]
; ) olive gray, molst, moderately dense, 80% fine to coarse
(1+ Hydrated Bentonite sand, 15% fine to coarse subangular gravel, 5% 7
/] Chips (1.5cuft} non-plastic fines, strong hydrocarbon odor and visible
? 20.6 staining observed —
g 26 to 30 ft. SANDY SILT: dark greenish gray, wel, saft, §
-p+-2/16 Lonestar Sand moderate plasticity, 65% non-plastc fines, 25% fine to
| Roufy medium sand, 10% plastic fines, strong hydrocarbon T
ML odor and visible staining observed 225
4—2" 1D PVC Serean
- with 0.01-inch Slots N
30 26.6 -]
i Soll boring terminated by field geclogist at 30 feet bgs i
Ground.water encountered at approximately 26 feet bgs
Blosparge/Biovent well Installed in accordance with 220
. deslgn specifications -
35— -
215
Noles: Boring Log Reviewad By: M. Culler 7/11/03 VP = S0l V. Probe
= . = Soil Vapor
bgs = below ground surface VEW = Vapor Extraction Well
AMSL = above mean sea level =
> - ID = Intemaf Diameter
NA = not applicable PID = Photoionization Declor

NAD = North American Datum

PVC = Poly Vinly Chioride {Schedule 40}




FOSTER \TW/WHEELER
ENVIRONMENTAL CORPORATION

LOG OF BORING.
43402-B32 (BS/BV-2)

{Sheet 1 of 2)

Client: SWDIV

Crilling Company: West Hazmat

Project: Continued Remediation of Multiple UST Sites

Drilling Method: Hotlow-Stem Auger

Project Number: 1990.063D

Sampling Method: Continuous Core

L.ocation; MCB Camp Pendleton

Borahole Diameter:

1Qin. 0-30Ft,

Geolegist: D. Dirkin

Northing: 2,071,773.00 Feet (NAD 83; NAVD 88)

Date Started: June 5, 2003

Easting: 6,207,088.00 Feet (NAD 83; NAVD 88)

Date Completed; June 5, 503

Ground Surface Elevation: 252.40 Feet AMSL

Total Depth: 30.0 Feel bgs

Top of Casing Elevatior: 251.90 Feet AMSL

~| o5 8 g £
= 5 . 3 2l @ | 3 g
= a2 Well/Boring Sisample | 2| & | 2 LITHOLOGIC DESCRIPTION =2
3 = Remarks E o s ®
5| oss 5 0 (5| 3| § s
o = i 9] o

]

_??&%! 010 17 ft. SANDY SILT: dark brown, molst, moderately

AEEa q [ stiff, moderate plasticity, 80% non-plastic fines, 15%

1 JF: o Ef-Flush Mounted Traffic plastic fines, 5% fine grain sand, no hydrocarbon slaining N

LR B or odor observed
THHE | oo -]

AR ‘3 ] Efe-Concreta Backfil 250
HEH B H 2w .

a7 7

AU | E
HUAa A ¢ 4

717 {: ? é--Hydrated Bentonita Hand augered 1o 5-feet bgs for ulliity clearance

AW Chips 2 cu ft)

5-? % g 2 [ “VP-25 (0.5" ID PVC) 0 —

A 48—E{d--vP-20 (0,57 ID PVC)

HUUH g ¢ i

AU A W

“1z0Z o

g‘ 2 2 o7 BV-2 (2° 1D PVC)

“Aod o ¢ . . -

712170728 SANDY SILT: very dark gray, moist, rmoderate plasticity,

f; g é g % B3-2 (27IDPVC) 70% nor-plastic fines, 30% plastic fines, no hydrocarbon 245
Tk El Bl Fte-2/16 Lonestar Sand ML staining or odor observed ]
JElld E b (feufty i

H 1 .5" 1D PVC Screen

10 s B B with 0.01"slots 0
VAW Y ]

n
. / 1 1] Pe-Hydrated Bentonite -

/ 1 1 ¥

/ 2 A Y chips(12cufy
4 / 72N N

i & U
% ‘R 240
ZI RN §
SlEY Bt Em-2/16 Lonestar Sand
A4 (o) i
-1 10,5 1D PVC Screen
255 H L with 0.017slots
4 1 ¢ SANDY SILT: brown, molst, moderaterty sUff, low
2 Z plastiicity, 60% non-plastic fines, 35% fine to medium
- Z t .,-f.lratad Bentonite sand, 5% plastic fines, no hydrocarbon staining or odor I
/ 1 1] Chios (1.5bags) observed
b / ‘A 171024 R POORLY GRADED SAND: dark greemish  |pag |
% A gray, molst, keose, 95% fine to coarse subangular to
e o Y subrounded sand, 5% non-plastic fines, strong N
1k hydrocarbon odor and visible stalning observed

Notes:  Boring Log Reviewed By: M. Culler 7/11/03
bgs = below ground surface
AMSL. = above mean sea level

210620 SVE MULTI-COMPLETION WISS 063NEW-1.GPJ FSTRW SA.GDT $1/1203

NA = not applicable
NAD = North American Datum

SVP = Soil Vapor Probe

VEW = Vapor Extraction Well

1D = internal Diameter

PID = Photolonization Dector
PVC = Poly Vinly Chioride (Schedule 40)




FOSTER |[W/WHEELER
ENVIRONMENTAL CORPORATION

LOG OF BORING
43402-B32 (BS/BV-2)

(Sheet 2 of 2)

Client: SWHV

Drilling Company: West Hazmat

Project: Continued Remediation of Multiple UST Siles

Erilling Method: Hollow-Stem Auger

Project Number: 1990.063D

Sampling Method: Continuous Cors

Location; MCB Camp Pendieton

Borehole Diameter: 10 in. 0~30F1.

Geologist: D. Dirkin

Northing: 2,071,773.00 Feet {NAD 83; NAVD 88)

Date Started: June 5, 2003

Easting: 6,207,088.00 Feat (NAD 83; NAVD 88)

210820 SVE MULTI-COMPLETION WISS 0SINEW~1.GPJ FSTRW SAGDT 11/12K3

Date Completed: June 5, 503

Ground Surface Elevation: 252.40 Feet AMSL

Total Depth: 30.0 Feet bgs

Top of Casing Elevation: 251.90 Feet AMSL

~| esg 2 2 £
€| £3 ng |2 318 |2 5
5 85 WellBoring  1Blsample | 2| & | £ LITHOLOGIC DESCRIPTION 2
= E 14 2
a. S E Remarks sl ol 5 E. ©
o =3 - 0 g 5 2
] Mle-2/16 Lonestar Sand 19.4 4] POORLY GRADED SAND: dark greenish gray, moist,
bl El (2.2 bags) loose, 95% fine to coarse subangular o subrounded .
F{ F sand, 5% non-plastic fines, strong hydrocarbon odor and
N 2 PN PVC Screen SP visible staining observed _
miieE] Fl with 0.01dnch Slots 230
_)// P -4 }? -
7 "
il {4~ Hidrated Bantonite : 74 1o 26 ft POORLY GRADED SAND WITH SILT: dark
7 ps {1.5cu i) v greeenish gray, moisi, mederately dense, 80% fine to
25~ 7 19.65P-5M - coarse subangular to subrounded sand, 20% non-plastic ]
// 2 5 fines, strong hydrocarbon odor and discoloration
17 A [ observed /| -
“te—2/16 Lonestar Sand 26 to 30 ft. SANDY SILT; dark greenish gray to brown,
- 1 (2cuft wet, soft, moderale plasticity, 70% non-plastic fines, 20% -
fine {o medium sand, 10% plastic fines, strong 225
ML hydrocarbén odor and visible ataining observed |
“ g Slight hydrocarbon odor and discoloratlon observed
H—2" ID PVC Screen
] | with 0.01-inch Slots No hydrocarbon staining of odor observed ]
30 0 )
E Soll boring terminated by field geologlst at 30 feet bgs A
Groundwater encountered at approximately 26 feet bgs
Biosparge/Biovent well installed in accordance with 220
N design specifications E
35— o]
215

Notes: Boring Log Reviewed By: M. Cutier 7/11/03

bgs = below ground surface
AMSL = sbove mean sea fevel
NA = not applicable

NAD = North American Datum

SVP = Sgil Vapor Probe

VEW = Vapor Extraction Well

1D = Intemal Diameter

PID = Photolonization Dector

PVC = Poly Vinly Chioride {Schedule 40}




210620 SVE MULTI-COMPLETION W/SS 083NEW=-1.GPJ FSTRW SA.GDT 1141203

NAD = North American Datum

PVE = Poly Vinly Chioride {Schedule 40}

' 43402-B33 (BS/BV-3)
ENVIRONMENTAL CORPORATION (Shoot 1 512)
Client: SWDIV Prilling Company: West Hazmat
Project: Continued Remediation of Multiple UST Sites Drilling Method: Hollow-Stem Auger
Project Number: 1990.063D Sampiing Method: Continuous Core
Location: MCB Camp Pandlaton Borehole Diameter: 10 in. 0-30FL
Geologist: D. Dirkin Northing: 2,071.765.00 Feet (NAD 83; NAVD 88)
Date Started: June 6, 2003 Easting: 6,207,078.00 Feet (NAD 83; NAVD 83)
Date Completed: June 6, 503 Ground Surface Elevation: 252.40 Faat AMSL
Total Depth: 30.0 Feet bgs Top of Casing Elevation: 251.90 Fest AMSL
— =~ w o ;

) ] Q - —
£ £2 . 8 2l o | 2 =
5| 88 WellBoring  algample | 2| & | £ | LITHOLOGIC DESCRIPTION 2
a =E Remarks 5l o el 2 8 [
| =8 ® T 3 m

’ﬁéﬂé’t 010 0.5 fi. AGPHALT.
A A 0.5 to 18 fi. SILT: very dark gray, molst, moderately siff,
HHH B ;“S“‘S" Mounted Traffic low plasticity, 85% non-plaste fines, 10% plastic fines, 7
R | W W] Rp 9% 5% fina sand, no hydrocarbon staining or odor observed
A | B -
B FTE] B Br-Concrete Backii 250
SEE B s .
AN Y O tydrated Bentonite
A A Chips (3.5 bags) . 4
g 2 ? 2 2 VP35 (0.5 ID PVC) Hand augered to 5-feet bgs for utility clearance
5~ U ¥+ VYP-3D (0.5" ID PVC) 0 ~
m
~? ; g Y 4—BV-3 (2° ID PVC) |
,??? ? 7 ;S—B(Z'IDPVC) |
F1ENE] E] [ 1e-2/16 Lonestar Sand 4
A B H e 25_
T 0.5 1D PVC Screen
/ I with 0.01"slots
YA Y b M -3
i o™
. % 7 ]
m
-% é é /1+-Hydrated Bentonite .
o
_%2 n Chips (1.2 cu ft) |
=ULEY Ef E1e-2/16 Lonestar Sand b40
dH (ol i
-] 0.5 1D PVC Screen
I Bl b EH with 0.01"slots i
% 1 1 SANDY SILT: dark yellowish brown, molst, modarately
‘W stiff, non-plastic, 45% non-plastic fines, 50% fine to
15~ % ;"'HYS"'?“BC’ Bentonite o medium subangular to subrounded sand, 5% plastic 7
/ 7 Chips (1.5 cu f) fines, no hydrocarbon staining or odor observed
i 787 ]
/ ZB%
N7/ ]
gart e ¢ I &
= 235
E AL 18 to 26.5 . POORLY GRADED SAND: dark greenish ]
=1 gray, molst, moderately dense, 95% fine to coarse sand
‘12116 Lonestar Sand {predominantely fine to medium grain), 5% non-plastic 1
22cuft) fines, strong hydrocarbion edor and discoloration

Noles: RBoring Log Reviewed By: M. Culer 7/11/03 SVP = Soil Vapor Prob

= = Soil Vapor 2
bgs =below ground surface VEW = Vapor Exiraction Well
AMSL = above mean sea level 10 = Internal Diameter
NA = not applicable PID = Photolonization Dector




FOSTER |[W/WHEELER

ENVIRONMENTAL CORPORATION

LOG OF BORING
43402-B33 (BS/BV-3)

{Sheet 2 of 2)

Client: SWDIV

Drilling Company: Wesl Hazmat

Project: Continued Remediation of Mulliple UST Sites

Drilling Method: Hollow-Stem Auger

Project Number: 1980.063D

Sampling Method; Continuous Core

Location: MCB Camp Pendleton

Borehola Diameter: 10 in. 0-30Ft.

Geologist: D. Dirkin

Northing: 2,071,765.00 Feet (NAD 83; NAVD 88)

Date Started: Juna 6, 2003

Easting: 6,207,078.00 Feet (NAD 83; NAVD 88}

Date Completed: June B, 503

Ground Surface Elevation: 252,40 Fest AMSL

Total Depth: 30.0 Feet bgs

Top of Casing Elevation: 251.90 Feet AMSL

o %] [+ g .
- ==} » = Q =
£ 1= . o al 2| o S
5 it WellBoring 2| Sample | @ e LITHOLOGIC DESCRIPTION £
=k =g Remarks T3] o ©
@ o ] ) > ] >
Q 23 @ T B
°§ e )
g 24. 2% POORLY GRADED SAND: dark greenish gray, molst,
T—2° 1D PVC Screen moderately dense, 95% ﬂgg to ccar]se; ssa;ld o .
3 0441 1 {oredominantely fine o medium graln), non-plastic
; with 0.01-Inch Stots fines, strong hydrecarbon oder and discoloration _
? 230
4
2 "
Z
[1=-Hydrated Bentonite -
/| Chips (1.5 cu f§)
re-2/16 Lonestar Sand
25cuft) .
26.5 to 30 ft. SANDY SILT: dark greenish gray, wet, soft,
[—2" 1D PVC Screen moderate plasticity, 65% non-plastic fines, 25% fine to o ]
with 0.¢1-inch Slots medlum sand, 10% plastic fines, strong hydrocarben
ML odor and visible staining observed .
30 0.6 -
] Soll boring terminated by field gecloglst iy
N Groundwater encountered at approximately 24 feet bgs 550 7
k . Biosparge/Blovent wef] Installed in accordance with -
deslgn specifications
35— -
215

210620 SVE MULTECOMPLETION WISS O83NEW-1.GPJ FSTRW SA.GOT 11/1202

Notes: Boring Log Reviewed By: M. Culler 7/11/03
bgs = below ground surface
AMSL = above maan sea lavat
NA = not applicable
NAD = North American Datum

SVP = Seil Vapor Probe

VEW = Vapor Extraction Well

1D = intermal Diameter

PID = Photclionization Dector

PVC = Poly Vinly Chicride (Schedule 40)




| TETRATECH FW,INC.

June 10, 2004

Monitoring Well Permit Clerk

Site Assessment and Mitigation Program

County of San Diego, Department of Environmental Health
P.O. Box 129261

San Diego, CA 92112-9261

Subject: Groundwater Monitoring Well Installation, UST Site 43402, MCB
Camp Pendleton

Reference: Permit LMON 102158

Well Permit Clerk:

Per your request, Tetra Tech FW, Inc. is submitting the attached document in fulfillment of
the conditions of monitoring well construction permit number LMON 102158, The permit
was issued on April 12, 2004 and the County was given 48 hours notice prior to
commencement of the work, Three dual completion biovent wells were installed at the site
on April 20,2004. During the installation of the each well screen, the filter pack materials
were surged into place by agitating the casings within the borehole.

Property Owner: United States Marine Corps
Site Address: UST Site 43402

43 Area, MCB Camp Pendleton, California 92055
Contact Person: Ms. Tracey Sahagun

RCRA Division Head

The attached documents include boring/biovent well logs with well construction
information and volumes of materials used in the construction of each well, a signed

1940 E. Deare Avenue, Suile 200, Santa Ana, CA 92785
Tel 54375567500 Fax §49.756. 7567



stamped Registered Geologist certification letter for the boring/biovent well logs, and a
location map.

If you have any questions regarding this matter, please contact the undersigned.

Sincerely,
Tefra Tech FW, Inc.

(=

Project Geologist
760-430-0536

Attachments:

Copy of Permit

Location Map

Registered Geologist Certification Letter
Boring/Biovent Well Logs

TETRATECH FW,INC.



PERMIT #LMON1021568
A.P.N. #101-620-14-00
EST #H05939-059

' COUNTY OF SAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH
LAND AND WATER QUALITY DIVISION

MONITORING WELL CONSTRUCTION PERMIT

SITE NAME: BUILDING 43402

SITE ADDRESS: MCB, CAMP PENDLETON, CA 92055

PERMIT TO: INSTALL 3 MULTI-SCREEN GROUNDWATERING MONITORING WELLS
PERMIT APPROVAL DATE: APRIL 12, 2004

PERMIT EXPIRES ON: AUGUST 10, 2004

RESPONSIBLE PARTY: MARINE CORPS.BASE, CAMP PENDLETON

PERMIT CONDITIONS:

1. Multi-screen wells are approved as proposed, however since only one foot
of filter pack is proposed above the perforations, wells shoulid be surged to
develop during construction to eliminate any bridging.

2. Contact the Regional Water Quality Control Board for their comments and
concerns regarding the proposed activities. :

3. Wells must have a minimum 3-foot concrete surface seal. The surface seal
shall consist of concrete able to withstand the maximum anticipated load without
cracking or deteriorating. The concrete should meet Class A specifications of a
minimum 4000-pound compressive strength.

4, All water and soil resulting from the activities covered by this permit must be
managed, stored and disposed of as specified in the SAM Manual in Section 5,
E- 4. (http:waw.sdcoung.ca.qovldehIM’samlmgnual guidelines.html). in
addition, drill cuttings must be properly handled and disposed in compliance with
the Stormwater Best Management Practices of the local jurisdiction.

5. Within 60 days of completing work, submit a well construction report, including all

well and/or boring logs and laboratory data to the Well Permit Desk. This report
must include all items required by the SAM Manual, Section 5, Pages 6 & 7.

6. This office must be given 48-hour notice of any drilling activity on this site and -

advanced notification of drilling cancellation. Please contact the Well Permit
Desk at 338-2339.

APPROVED BY: ‘@Mﬁf@%‘— DATE: 04/12/2004
CAROL. ZPANGENBERG

NOTIFIED: s 1. P18 P ‘///?-/6‘{ mse

DEH:SAM-8075 (4/03)
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WELL CONSTRUCTION

Statement of Certification

I, Mark Cutler, certify that, to the best of my knowledge, the data and information
presented in the boring logs listed below is accurate and complete. Field activities and
documentation were performed in accordance with accepted practices and procedures.

Mark Cutler, CA RG # 4487

PERMIT NO. LMON 102158
MCB Camp Pendleton, 43 Area, UST Site 43402

o 43402-B34 (BV-4)
o 43402-B35 (BV-5)
o 43402-B36 (BV-6)

43402 BV DEH cert.doc



, INC.

LOG OF BORING
43402-B34 (BV-4)

(Sheet 1 of 1)

i NAVY SW DIV

Drilling Company: West Hazmat

Project: Remediation of Multiple UST Sites

Drilling Method:  Hollow-Stem Auger

Project Number: 1980.063D

Sampling Method: Continuous Core

Location: MCB CAMP PENDLETON

Borehola Diameter: 8 in. 0-23Ft.

Geologist: D. Bertolacci

Northing: 2071789.4 (NADB3)

Date Started: April 20, 2004

Easting: 6207045.4 (NADB3)

Data Completed: April 20, 2004

Ground Surface Elevation; 252.4 AMSL (NAVDSS)

Total Depth: 23.0 Feetbgs

Top of Casing Elevation: 251.9 AMSL {(NAVDE8)

210620 V- " ILTECOMPLETION WISS GTOS3.GPJ FSTRW SA GOT 6/8/04

bgs = below ground surface

AMBSL = above mean sea level
NAD 83 = North American Daturn 1983
NAVD 88 = North American Vertical Datum 1988

= 25 2 2 )
€1 5% Well/Bori £ 2| 8 | 2 | 5
5 it elsoring SSample j 21 9 | £ LITHOLOGIC DESCRIPTION 2
2 =E Remarks El™p =1 4 s ®
a LS o Q o ]
=0 o ] ]
4 N N msAsd 8" concrele
. 4 §y/ » . . 0.?;5 to 1¢flf fi. S/ANDY SILT. dark brown, moist, moderately ]
Ra R L : stiff to stiff 55% non-plastic fines, 35% fine to medium sand,
9 $ § Concrete (1.1 cubic feet) 1. 10% plastic fines, isolated clay stringers, oeccasional 250
-+ ;)./ ?, . subangular fine gravel, no hydrocarbon odor or staining -
N7 / - observed
7% ::j'z }f’ N 7]
5 g 7 + —
-] ‘4:" ‘é %% | .
AN |
7 ML - 245
. y t5~Bentonite grout (2.7 cubic J .
7 yf feet) 171,
IR il
Z o hass 240
-1 % ~—Hydrated Bentonite Chips AL ~
R 4 P71 (.68 cubicfeet) A I 8 L I B
21 154 | 216 Lonestar Sand (1.2 ' 1410 23 . SILTY SAND: dark gray, maist, moderately
15— ] bl oubicfeet) 1478 dense, 60% fine to coarse subangular sand, 20% moderately =
4 1 b lemtainch diameter 0.010" ‘I- % ‘1 stiff non-plastic fines, 10% plastic fines, 10% subangular fine |
ST siotted PVC screen 'i"i" -4 gravel, strong hydrocarben odor and staining observed
7 i i 205
-—Hydrated Bentonite Chips sm | h
Y7 4 (68 cubic feety SR 1
- A |*.—2/M6 Lonestar Sand (1.2 RN -~
47 cubic fest) IR L ]
- t—1-inch diameter 0.010" Py
0063-060 b O -
slotied PVC screen % 0083-061 Tl 230
/ 0053-062 Soil boring terminated at 23 feet bgs. No groundwater 1
. encountered during drilling. -
25 Dual completion Biovent Well installed in accordance with 1
- design specifications. “
i 225
1
Notes:  Reviewed by M. Cutler on 6/9/2004

PID = Photoionization Dector
PVC = Polyvinyl Chloride (Schedule 40}




LOG OF BORING
43402-B35 (BV-5)

{Sheet 1 of 1)

t NAVY SW DIV

Drilling Company;: West Hazmat

Project: Remediation of Multiple UST Sites

Drifling Method:  Hollow-Stem Auger

Project Number: 1990.063D

Sampling Method: Continuous Core’

Location: MCB CAMP PENDLETON

Borehole Diameter: 8 in. 0-24Ft,

Geologist: D. Bertolacci

Northing: 2071755.9 (NAD83)

Date Started: April 21, 2004

Easting: 6207048.1 (NAD83)

Date Completed: Aprit 21, 2004

Ground Surface Elevation: 252.4 AMSL (NAVDBSB)

Tolal Depth: 24.0 Feetbgs

Top of Casing Elevation: 251.9 AMSL (NAVDBS)

'+ cubic feet} .
" 3—1-inch diameler 0.010"
1 slotted PVC screen

0063-070
0063-071

Soil boring terminated at 24 feet bgs. No groundwater

~ oc 2 4 £
£ £8 . 8 3o | 2 =
£ a8 Well/Boring giSample | @ | 3 2 LITHOLOGIC DESCRIPTION 2
5 =2 Remarks ElT D 4 s g
8 2o w a i o
20 o 1G] [r1]
d misitid 5% of concrete
% 1'1].3 051017 fl. SANDY SILT: dark brown, moist, moderately sfiff,
“ N e moderate plasticity, 60% non-plastic fines, 35% fine to
\\“ ~—Concrete (1.1 cubic feet) 1.1- medium sand, 5% plastic fines, no hydrocarbon edor or 250
oA ‘I.].'} staining observed
',.(/ .
% 1
ey .
% RS . 1
7 1l 245
?’,"7‘ Bentonite grout (2.7 cubic 1.
ﬁ feet) ML |-
r.f‘( .|
% Ll ]
[ -
7 |-
: A1 240
——Hydrated Bentonite Chips d 1
4 (.68 cubic feel) Jl
-~ [—2/16 Lonestar Sand (1.2 Nl
.| cubicfeet) F1°]-] slight hydrocarbon ador from approximalely 15 fo 17 feet bgs ]
- b—1-inch diameter 0.010" NaN
' slofted PVC screen I N G I O
11717 to 24 . SILTY SAND: brown, moist, moderately dense, 235
. . IEN 60% fine to coarse subangular sand, 35% moderately stiff
~—Hydrated Bentonite Chips {521 noa3.068 iy~ "1 non-plastic fines, 5% subangular fine gravel, no hyrocarbon
Z {68 cubic feet) for- odor or staining observed
-+ {~—2/16 Lonestar Sand (1.2 [s2| 4o83.080 SM |:t -

210620

“ TI-COMPLETIGN W/SS CTOB83.GPJ FSTRW SA.GDT 8/8/04

25— encountered during drilling. =]
] Dual completion Biovent Well instafled in accordanice with
- design specifications. 295
Notes:  Reviewed by M. Cutler on 6/9/2004

bgs = below ground surface
AMSL = above mean sea level

NAD 83 = North American Datum 1983
NAVD 88 = North American Vertical Datum 1988

PID = Photolonization Dector
PVC = Polyvinyl Chloride {Schedule 40}
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LOG OF BORING
43402-B36 (BV-6)

(Sheet 1 of 1)

2 NAVY Sw bl

Drilling Company: West Hazmat

_Project Remediation of Multiple UST Sites

Drilling Method:  Hollow-Stem Auger

Project Number, 1980.063D

Sampling Method: Continuous Core

Location: MCB CAMP PENDLETON

Borehole Diameter; 8 in. 0-23Ft.

Geologist, D. Bertolacci

Northing: 2071763.3 (NAD83)

Date Started:; April 21, 2004

Easting: 6207087.1 (NAD83)

Date Completed: April 21, 2004

Ground Surface Elevation: 252.4 AMSL (NAVDSS)

Total Depth: 23.C Feet bgs

Top of Casing Elevation: 251.9 AMSL (NAVD3B)

o) -
2| €8 g Sl a3 s
o D . = ) =
s| 232 WellBoring |3l sample (8| § | 2 LITHOLOGIC DESCRIPTION 2
= =g Remarks 5l D 3 G w
3 O] o0 Q g ®
=0 a o i
3" Asphait Surface /]
- | 15R FillwithGravel —— 4
- ——Concrete (1.1 cubic feet) Je[] 1510 15.5 fi. SILT WITH SAND: dark brown, molst,
17| moderately stiff, moderate plasticity, 76% non-plastic fines, 250
7 ‘171 20% fine to medium sand, 5% plastic fines, no hydrocarbon N
o - _{.I"'1 odor or staining observed -
5— T -
] Bentonil L(2.7 cubi TH 245
. ~—Bentonite grout (2.7 cubic =
feet) ML L) i
| N T 240
- —Hydrated Bentonite Chips AR -3
| <4 (.68 cubic feet) €110 R
.+ k—2/16 Lonestar Sand (1.2 1
15—+ o1 cubic feet) S L 1 —
~ - }=1-inch diameter 0.010" 71 15510 23 £ SILTY SAND WITH GRAVEL: brown to greyish -
: slotted PVC screen ‘1147714 brown, molst, loose, 50% fine to coarse subangular sand,
7 51 0063-065 i G ‘j4 25% soft non-plastic fines, 25% subangular fine io coarse 235
i . ‘i gravel, slight hyrocarbon odor and staining observed ]
—Hydrated Bentonite Chips U
4 (.68 cubic feet) sm | .
- +—2/16 Lonestar Sand (1.2 o hH —
-1 cubic feet) <] 0063-066 i ]
'+ 1=~q-inch diameter 0.010° T
slotted PVC screen 25]0063-067 T
S b 230
Soil boring terminated at 23 feet bgs. No groundwater 1
e encountered during drilling. 1
25 Dual completion Biovent Well installed in accordance with 7
4 design specifications. 1
i 225

' TI-COMPLETION W/SS CTOS3.CPJ FSTRW SA GDT 8/8/04

210620 §V°

Notes:

Reviewed by M. Cutler on 6/9/2004
bygs = below ground surface

AMSL = above mean sea level
NAD 83 = North American Datum 1983
NAVD 88 = North American Vertical Datum 1988

PID = Photoionization Dector
PVC = Polyvinyl Chioride (Schedule 40)







ATTACHMENT 2
LABORATORY ANALYTICAL REPORTS

040166 Appendix A-PTR Biovem Pilot Test Report
UST Site 43402, MCB Canp Pendleton

DCN: SES-TECH-05-0126
No. 0004, Revision 1, 09:26/03



CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 82507
Tel: (909) 788-0808; Fax: {909) 788-8011

LABORATORY
ANALYTICAL REPORT

PROJECT UST Site 43402
Lab Project No. R04D0039

Report Date: May 6 2003

Revision 0

Prepared For:

Sevda Aleckson
Foster Wheeler Environmental Corporation
1940 E. Deere Street
Santa Ana, CA 92705
Tel: (949) 756 — 7513
Fax: (949) 756 — 7560

Page 1 0f 3



CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (909) 788-0808. Fax: (909) 788-801]

May 6 2004
Project No. 1990.063D

Foster Wheeler Environmental Corporation
Attention: Dr. Jeff Oslick

1940 E. Deere Street

Santa Ana, CA 92705

Dear Sevda Aleckson:

This report contains the test resuilts for the soil/groundwater sample(s) from Project No.
1990.063D received under chain of custody by the Center for Environmental
Microbiology (CEM) on April 20 2004. These samples are associated with our
Laboratory Project No. R04D0039. Test results are based on analyses specified on the
analytical report [following page(s)]. The original report for any subcontracted analysis is
provided herein.

All applicable quality control procedures met laboratory-specified acceptance criteria.
There were no deviations from the laboratory procedures.

This report may only be reproduced in full, with the written approval of CEM. This cover
letter is an integral part of the analytical report.

If you have any questions, please feel free to call me at (909) 788-0808, or by e-mail at
biocenter@biocem.com.

Sincerely,

Wl VA

William T. Frankenberger, Jr. Ph.D.
Laboratory Director

cc. Project File

Page 2 of 3



CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507

Analytical Report

Tel: {909} 788-0808; Fax: (309) 788-8011 ,
Client: Foster Whesler Environmentat Corp. CEM Project Number: R04D0039
Project: 1990.063D Date Sampled: 04/21/2004
Media: Bulk Date Received: 04/21/2004
Media Type: Soil Date Analyzed: 05/04/2004
Analyst: “¥~_ Scott Khoan
) CvnAnalysisis - Method. ) - {-Uhits
0063-062 Hydrocarbon Oxidizing | Proprietary | 0.2x10' N/A N/A 4.3x10 MPN/g
(R04D0038-1) Microbial
Population
Orthaphosphate — EPA 3652 0.2 99.5 N/A <0.2 mg/Kg
Phosphorous
Ammonium — Nitrogen | EPA 350.2 5.0 NIA 1.85 10.2 mgfKg
Nitrate ~ Nitrogen 84-3.4,3.2% 0.5 N/A 1.44 104 | mg/Kg

LEGEND
CFU - Colony Forming Units;

MPN - Most Probable Number;

.g-gram; mg- milligrams;

N/A - Not applicable; TNTC - Too Numerous to Count;  OBSC - Cbscured Colenies;

Notes: (MSubcontracted analysis

Kg - kilogram;  mL - milliliters;

Methads of Scil Analysis, Chemical and Microbiclogical Properties, 2+ Edition, 1986. Black. C.A.
These data are intended to be interpreted in conjunction with the information presented in the cover letter of this report.

Page 3of 3

RPD - Relative Percent Difterence
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: {908) 788-0808; Fax: (909) 788-801,1

LABORATORY
ANALYTICAL REPORT

PROJECT UST Site 43402
Lab Project No. R04D0041

Report Date: May 6 2003

Revision 0

Prepared For:

Sevda Aleckson
Foster Wheeler Environmental Corporation
1940 E. Deere Street
Santa Ana, CA 92705
Tel: (949) 756 — 7513
Fax: (949) 756 — 7560
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (909) 788-0808; Fax: (909) 788-8011

May 6 2004
Project No. 1990.063D

Foster Wheeler Environmental Corporation
Attention: Dr. Jeff Oslick

1940 E. Deere Street

Santa Ana, CA 92705

Dear Sevda Aleckson:

This report contains the test results for the soil/groundwater sample(s) from Project No.
1990.063D received under chain of custody by the Center for Environmental
Microbiology (CEM) on April 21 2004. These samples are associated with our
Laboratory Project No. R04D0041. Test results are based on analyses specified on the
analytical report [following page(s)]. The original report for any subcontracted analysis is
provided herein.

All applicable quality control procedures met [aboratory-specified acceptance criteria.
There were no deviations from the laboratory procedures.

This report may only be reproduced in full, with the written approval of CEM. This cover
letter is an integral part of the analytical report.

If you have any questions, please feel free to call me at (909) 788-0808, or by e-mail at
biccenter@biocem.com.

Sincerely,

Wl 1A

William T. Frankenberger, Jr. Ph.D.
Laboratory Director

cc: Project File

Page 20of 3



CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technclogy Courl, Suite 100, Riverside, CA 92507
Tel: {909) 788-0808; Fax: (909} 788-8011

r

Analytical Report

Client: Foster Whasler Environmental Corp. CEM Project Number; R04D0041
Froject: 1990.063D Date Sampled: 04/21/2004
Media: Bulk Date Received: 04/21/2004
Media Type: Soil Date Analyzed: 05/04/2004
o nayst "\ 5ot Khoa
Client.Sample B , N TR R g
Number- T .. |R .
(Lab:Sample: D). Analysis: : Method. . | g} SR Units
0063-069 Hydrocarbon Oxidizing | Proprietary | 0. 7.4x10° | MPN/g
{R04D0041-1) Microbial
Population
Crthophosphate — EPA 365.2 0.2 N/A N/A <0.2 mg/Kg
Phosphorous
Ammonium — Nitrogen | EPA 350.2 5.0 103 3.27 10.7 mgfKg
Nitrate — Nitrogen 84-3.4.3.2@ 0.5 111 1.49 13.2 | mg/Kg
0063-066 Hydrocarbon Oxidizing | Proprietary | 0.2x10' N/A N/A 6.7x10° | MPN/g
(R04D0041-2) Microbial
Popuiation
Orthophosphate — EPA 365.2 0.2 N/A N/A <0.2 mg/Kg
Phosphorous
Ammonium — Nitrogen EPA 350.2 5.0 N/A 1.45 13.7 mg/Kg
Nitrate — Nitrogen 84-3.4.3.2% 0.5 N/A 0.80 185 | mgiKg

LEGEND

CFU - Colony Farming Units;
N/A - Not applicable; TNTC - Teo Numerous to Count;  OBSC - Obscured Colonies;

Notes: (Subcontracted analysis
@)Methods of Soit Analysis, Chemical and Microbiological Properties, 2+ Edition, 1986. Black. C.A.
These data are intended to be interpreted in conjunctian with the information presented in the caver letter of this reporl.

Page 3of 3

MPN - Most Probable Number; g-gram; mg-milligrams;  Kg - kilogram; - mL - milliliters;
RPD - Relative Percent Difference
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TABLE OF CONTENTS
CLIENT: TETRA TECH FW, INC.
PROJECT: CAMP PENDLETON, CTO 63, UST SITE 43402
SDG: 04D145
SECTION PAGE
Cover Letter, COC/Sample Receipt Form 1000 — 1003
GC/IMS-VOA 7 2000 -
GC/MS-SVOA ™ 3000 -
GC-VOA * 4000 ~
GC-8VOA METHOD 3550B/MB015 5000 — 5085
HPLC i 6000 -
METALS h 7000 -
WET - 8000 —
OTHERS - 9000 —

** - Not Requested
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LavanaToaIty, He, 1835 W. 205th Street, Torrance, CA 90501

Tel: (310) 618-8889 Fax: (310) 618-C818



MAX

LABORATORIES, INC,
1835 W. 205th Street
Torrance, CA 90501
Tel: (310) 618-888%
Fax: (310} 618-0818

pate: 05-05-2004
EMAX Batch Ho.: 04D145

Attn: Sevda Aleckson
Tetra Tech fW, Inc.

1940 E Deere Ave, Suite 200
Santa Ana CA 92705

Subject: Laboratory Report -
Project: Camp Pendleton, €TO 63,UST SITE 43402

Enclosed is the Laboratory report for samples received on
04/22/04. The data reported include :

Sampié iD Control # Col Date Matrix Analysis

0063-060 D145-01 0420704  SOIL TPH DIESEL
0063-067 D445-02 04/21/04  SOIL TPH DIESEL
0063-070 D145-03 04/21/04 SOIL TPH DIESEL
0053-071 Di45-04 04/21/04 SOIL TPH DIESEL

The results are summarized on the following pages.

Pleass feel free te call if you have any questions cencerning
these results.

Sincerely yours,

i AP >y

Kam Y. Pang, Ph.D.
Laborataory Director

1000
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Aa. IHc

EMAX-5PM02
~y Rev. 3
Appendlix 2
_ SAMPLE RECEIPT FORM 1
Type of Delivery _Delivered By/Airbil ECN| 24 D/ %5
[T ax Courler SEE L. P L. Receplent| S/ ruv#0s
| (] Cllert Delivery Datel 74, 22.FY.
£ Tiird Party Timel /¥~ 35
COC Inspection _
2 Glent Name [ Sampler Name @gaﬂpnng Cate/Time/Location
ddress [FCourter Signature/Date/Time [ Analysis Required
& Qent PMyFC TAT [ Matrix
Tel #/Fax # Egample Jiv] l:] Preservative (if any)
Safety Issues mne ] High concentratians expected D_Superrund Site Samples
_{Comments: [ "] Rad gereening Reguired
LY
Packaging Inspection
Container =} Cooler 0 #£ O eex O O
Condition [ Custody Seal Cintact (7] oamaged 0 _
Packaging {7 subble Pack [ styrofoam & Sufficent A PLASTIe BALS
Temperatures Foders 2.5 F Cocler? [Jcooter3__ [ cocles 4
(7] cooler 5 ____. [ codter6___ Oostery . [Ocoders
(] coclers [ codter 10, [ cocler 11 (3 Cooler 12 !
Comments:
LSGID Client [D 4 Discrepancy Corrective Action
1
]
— :
T -
/
/
/ //

LSCID : Lab Sample ContaineriD

REVIEWS T

_ Sample Labeling

SRF

Vst

Date

O-L Lo

Date

PM

Vet

Y Yfez /o

1002

o~



REPORTING CONVENTIONS

DATA QUALIFIERS:

Lab Qualifier AFCEE Qualifier

d F indicales that the analyte is positively identified and the resuit is less
than RL but greater than MDL.

N indicates presumptive evidence of a compound.

B B Indicates that the analyte is found in the associated method blank
as well as in the sample at above QC level.

E J Indicates that the result is above the maximum calibration range.

Out of QC fimit.

Note: The above qualifiers are used to flag the resuits unless the project requires a

different set of qualification criteria.

ACRONYMS AND ABBREVIATIONS:

CRDL Contract Required Detection Limit
RL Reporting Limit

MRL Method Reporting Limit

PQL Practical Quantitation Limit

MDL Method Detection Limit

Do Diluted out

DATES

The date and time information for leaching and preparation reflect the beginning date and time of
the procedure unless the method, protocol, or project spacifically requires otherwise.

1003
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LABORATORY REPORT FOR
TETRA TECH FW, INC.

CAMP PENDLETON, CTO 63

METHOD 3550B/M8015
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION

SDG#: 04D145

5000

LARGRATOEITY, H1Tx



CASE NARRATIVE

. CLIENT: TETRA TECH FW, INC.
PROJECT: CAMP PENDLETON, CTO 63
SDG: 04D145

METHOD 3550B/M8015
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION

.Four (4) soil samples were received on 04/22/04 for Total Petroleum Hydrocarbons by
Extraction by Method 3550B/M8015 in accordance with SW846 3%° Edition.

1. Holding Time

Analytical holding time was met. Extraction was performed and completed on
-04/23/04.

2. Calibration

Initial calibration was seven points for Diesel. %RSDs were within 20%. Continuing
calibrations were carried out at 12-hour intervals and all recoveries were within 85-
115%.

3. Method Blank
Method blank was free of con_taminatian at half of the reporting limit.
4, Surrogate Recovery

Surrogate recovery in samples D145-01 and -02 were diluted out. Afl other
recoveries were within QC limits.

5. Lab Control Sample/Lab Control Sample Buplicate
All recéveries were within QC limits.
6. Matrix Spike/Matrix épike Duplicate
No sample was spiked.
7. Sample Analysis
Samples were analyzed according ta the prescribed QC procedures. All criteria were
met with the aforementioned.exception. Samples were quantitated from C10 to C24

using Diesel (C10-C24) calibration factor. Samples D145-01 and -02 displayed
diesel-like fuel pattern.

50C1
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METHOD 3550B/80158

TOTAL PETROLEUM HYDROCARBOKS BY EXTRACTION

Batch Ho. : D&D145
Sample  1D: Q063-060
Lab Samp [g: D145-017
Lab File ID: TO2BOI7A
Ext Btch 1D: DSDO27S
Calib. Ref.: TD2BO15A

PARAMETERS

DIESEL

SURROGATE PARAMETERS

HEXACOSAKE

RL : Reporting Limit
SUR1 : Hexacesane
Parameter H~C Range
Diesel c10-c24
oo 1 Diluted out

+ TETRA TECH FH,
Project : CAMP PEMOLETON, CTQ 63

Date Collected: 04/20/04

Date Received: 04/22/04

Date Extracted: 04/23/04 11:30

Date  Analyzed: 04/29/04 00:48

Dilution Factor: 50

Matrix T SOIL

% Moisture : 14.5 /

Enstrument & GCTOS0
RESULTS RL ML
(mg/kg) {ma/ka) {mg/kg)
28000 580 170

% RECOVERY GC LIMIT
oo 65-135

50C4
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Page 1 of 1

METHOD 8015 by GC/FID
EMAX Analytical Laboratories, Inc.

File c:\ezchrom\chrom\tdz2s\tdz28.017
Method ¢:\ezchrom\methods\de50408 . met
Sample ID 04D145-01T .02/1ML
Acquired + Apy 29, 2004 00:48:23
Printed - : Apr 29, 2004 09:21:05 /
User LUCY
Channel A Results
Peak Name Ret.Time (Min) Area Ave. CF ESTD Conc. (ppm)
1 Bromobenzene 5.500 34678 14621.9 2.4
12 Hexacosane 14.675 47568 35420.3 1.3
@1 Diesel (TOTAL) 13652978 29434.8 463.8
G2 Diesel (Cl0-C24) 13409918 284B8.6 470.7
G3 Diesel (Cl0-C28) 13637541 28524.7 478.,1
ciezchrom\chrom\td28\td28.017 — Channel A
| Peak Name .
0.7 RetentiFn Time 07
0.61 10.6
0.5 lo.6
0.41 0.4
v
[=]
! Wy
t o
s 0.3 i 10,3
g
Q.24 = Ho.2
g §
© =
a
L*3
0.1 E g 0.1
T~
on 9 2
it i
— \““— THT 7 ¥ i H
0.0 { i 0.0
0 [ 10 25 30

Minutaes

5005
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METHOD 3550B/8G158
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION

Client : TETRA TECH FW, INC. Dete Collected: 04721704

Project : CAMP PEWDLETOM, CTD &3 Date Received: 04/22/04

Aatch No. : Q4Dt45 Date Extracted: 04/23/04 11:30

sample ID: 8063-067 date  Analyzed: 04/29/04 01:30

Lab Samp [D: D145-027 Dilution Factor: 10

Lab File ID: TD2B0%84 Matrix + SOIL

Ext Btch 1D: DSPD2YS % Moisture 4.0

Calib. Ref.: TD2B015A Instrument 1D GETG50
RESULTS RL MDL

PARAMETERS - (mg/kg) (mg/kg) (mg/kg}

DIESEL 6700 100 29

SURROGATE PARAMETERS % RECOVERY ac LIMET

HEXACOSAHE ' e 65- 135

RL ; Reporting Limit

SUR1 : Hexacosane

Farameter H-C Range

Diesel CtD-C24

po : Dituted out
‘

S50C6

10xA

n
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METHOD 8015 by GC/FID
EMAX Analytical Laborateries, Inc.

File : ¢:\ezchrom\chrom\td28\td28.018

Method : ¢:\ezchrom\methods\ds50408 .met

Sample ID : 04D145-02T .1/1ML

Acguired : Apr 29, 2004 01:30:20 . -
Printed - : Apr 29, 2004 09:22:10

User  LUCY

Channel A Results

Peak Name Ret .Time(Min) Area Ave. CF ESTD Conc. {ppm)

1 Bromocbenzene 5.500 129910 14621.9 8.2
12 Hexacosane 14,675 138267 35420.3 3.9
Gl Diesel (TOTAL) 18991952 29434 .8 645.2
G2 Diesel (Cl0-C24) 18437200 28488.6 647.2
G3 Diesel{Cl0-C28) 18899020 28524 .7 662.5

cezchrom\chromitd28\td28.018 -- Channel A

0.74 Peak Name ' 0.7
Retention Time

0.6 0.6
0.5 l0.5
W
(%)
[}
0.41 — 10,4
v v
o (=)
I _ f
t t
M 0.2 - 10,3 -
r~
=~

=
e
0.? § % 0.2
p g
: g
0.1 5 = & 0.1
E
im0 22 EE
: 1
] 5] SEaE
0.0 : 0.0
o 5 10 25 30 as

Minutes

500
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METHOD 3550B/80158
TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION

Client : TETRA TECH FW, INC.
Project : CAMP PENDLETON, CTO &3
Batch No. : 04D145

Sample  1D: 0083-070

l.ab Samp 1D: D145-034

Lab Fite ID: TD28016A

Ext Btch ID: DSDO27S

Calib. Ref.: TD28015A

Date Collected:
Date Received:
Date Extracted:,
Date Analyzed:
Dilution Factor:

04/21/04
04/22/04
04/23/04
04/29704
i

BIESEL

SURROGATE PARAMETERS

HEXACOSANE

RL : Reporting Limit
SUR1 : Hexacosane
Parameter H-C Range
Diesel C10-C24

11:30
00:06

Hatrix 1 SOEL
% Moisture 10.5
Instrument [D GCTO50
RESULTS RL MOL
¢mg/kg} (mg/ka) (mg/kg)
KD 1 3.2
% RECOVERY Qc LIMIT
95 65-135

50(C8
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Page 1 of 1

METHOD 8015 by GC/FIR
EMAX Analytical Laboratories, Inc.

File ; ¢:\ezchrom\chrom\td28\td28.016

Method : ¢:\ezchrom\methods\ds50408.met

Sample ID : 04D145-03W

Acquired : Apr 29, 2004 00:06:27 .

Printed - : Apr 29, 2004 09:15:10 p;
User : LUCY

Channel A Results

Peak Name Ret.Time (Min) Area Ave. CF ESTD Conc. (ppm)

2 Bromobenzene 5.500 1279868 14621.9 87.5
5 Hexacosane 14.683 837202 35420.3 23.86
G1 Diesel (TOTAL) 46862 29434 .8 1.6
G2 Diesel (C10-C24) 2031 2B488.6 0.3
G3 Diesel (C10-C28) 9031 28524 .7 0.3

c\ezchrom\chromtd284d28.016 - Channel A

0.7i Peak Narne ' 0.7
Retention Time
0.6 0.6
0.5 0.5
[~=3
[=4
a
0.41 o 0.4
v g v
o] L [=]
1 g 1
t g t
s 0.3 & l0.3 s
0.2 10,2
0.4 (0.1
mh
8)s g ¥
ol 3 p
{ k“\mthf f ﬁ g
0.0 ; 0.0
g
=
0 5 10 15 25 30 35

Minutes



METHOD 35508/B015E

TOTAL PETROLEUM HYDROCARBONS BY EXTRACTION

145C. Date

client : TETRA TECH FW,

Project : CAMP PENDLETON, CTO 643 Date
catch No. @ D4D145 Date
Sample  ID: 0083-071 Date
Lab Samp ID: D145-04 Diluti
Lab File 1D: TD22085A Hatrix
Ext Btch iD: DSDO27S % Mois

Calib. Ref.: TD2207DA

DIESEL

SURROGATE PARAHETERS

HEXACOSANE

RL s Reporting Limit
SUR1T : Hexacosane
Parameter H-C Range
Diesel C10-c24

Collected: 04/21/04
Received: 04/22/04
Extracted:. 04/23/04 11:30
Analyzed: 04/25/04 09:08

on Factor: 1
: S0IL P
ture r 20,1

Instrument 10 ; GCTOS50

RESULTS
(mg/kg}

aL MOL
(mg/kg) (mg/kg)
""" 13 TTas
QC LIMIT
65135

5010
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Page 1 of 1

METHOD 8015 by GC/FID
EMAX Analytical Laboratories, Inc.

File : c:\ezchrom\chrom\td22\td22.085
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Peak Name Ret.Time (Min) Area Ave. CF ESTD Conc. (ppm)
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HMETHOD 3550B/B0158
TOTAL PETRCLEUM HYDROCARBONS BY EXTRACTION

Client ¢ TETRA TECH FW, INC. Date Collected: HA

Project : CAMP PENDLETON, CTQ 63 Date Received: 04/23/04

Batch Ho, 1 04D145 Date Extracted: 04/23/04 1%:30

Sample  [D: MBLK1S Date Analyzed: 04/25/04 06:21

Lab samp ID: DSDO27SE Dilution Factor: 1

Lab File ID: TD22081A Hatrix ¢ BOIL -

Ext 8tch 1D: DSPO27S % Moisture 1 HA

Calib, Ref.: TD22070A Instrument 10 : GCTO50
RESULTS R’L MDL

PARAMETERS {mg/kg) {mg/kg) (maskg)

DIESEL D 10 2.8

SURRDGATE PARAMETERS % RECOVERY ac LIMIT

HEXACOSANE ' 104 &5-135

RL : Reporting Limic

SUR1 ; Hexacosane

Parameter H-C Range

Diesel C10-¢24
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EMAX QUALETY CORTROL DATA

LCS/LED ANALYSIS

CLEENT: TETRA TECH FW, 1XC.

PROJECT: CAMP PENDLETON, CTO 63

BATCH MO.: Q4D145

METHOD METHOD 3550B/80158

HATRIX: SOILL % HMOISTURE: RA

DILUTIOR FACTOR: 1 1 1

SAMPLE ID: MBLK1S

LAB SAME ID: ospo27se DSD027SL DsSng2ysc

LAB FILE 1D: TD22081A TD22079A Th22680A

DATE EXTRACTED: 0472370411:30 04/23/0411:30 04/23/0411:30 DATE COLLECTED: NA

DATE AMALYZED: 04/2570406:21 04725/0404:57 04/25/0605:39 DATE RECEIVEDR: 04/23/04

PREP. BATCH: DsD027s pspO27s DsSD0278

CALIB. REF: TD22070A TD22070A o~ TD22070A v

ACCESSION:
BLKK RSLT SPIKE AMT BS RSLT BS SPIKE AMT BSD RSET BSD RPD Ul LIMIT MAX RFD

PARAMETER (mg/kgd (mg/kg) (mg/ka) % REC {mg/kg) {mg/kg} % REC (%) (%) (%)

Dieset ND 500 537 107 500 555 111 3 5%- 145 30
SPIKE AMT 85 RSL¥ BS SPIKE AHT 850 RSLT BSD Qc LIMIT

SURROGATE PARAMETER {mg/kg) (ma/kg) % REC (mg/kg} {mg/ka) % REC (%)

Hexacosahe 25 26.%9 108 25 27.5 t10 65-135
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1.0 INTRODUCTION

Contaminant transport analytical modeling was used to evaluate and predict the effectiveness of .
biological and physical processes in reducing residual contaminant concentrations in groundwater
at Underground Storage Tank (UST) Site 43402, Marine Corps Base (MCB) Camp Pendleton.
The modeling was performed to evaluate if total petroleum hydrocarbons quantified as diesel
(TPH-d), detected above its secondary taste and odor Water Quality Objective (WQO), will
degrade within a reasonable time frame. The maximum concentration for TPH-d detected during
the most recent groundwater monitoring event was used as the starting concentration input to the
model. The following sections provide a discussion of the model, input parameters, modeling
scenarios, and modeling results.

1.1 CONCEPTUAL MODEL

Since diesel fuel consists of a multitude of chemicals, in order to model TPH-d degradation in
groundwater, naphthalene, which is a common constituent of diesel, was conservatively selected
as a proxy for TPH-d. Of the listed representative components of diesel (Chevron Oil, 2004),
only three compounds, naphthalene, anthracene, and biphenyl, are listed in the U. S.
Environmental Protection Agency (EPA) Preliminary Remedial Goals (PRGs) Table (EPA,
2004). A comparison of the toxicity of these three compounds indicates that napthalene has the
lowest PRG concentrations. For example, the PRG values (in tap water) for naphthalene,
biphenyl, and anthracene, are 6.2, 300, and 1,800 pg/L, respectively. Furthermore, a comparison
of their organic carbon-water partition coefficient values (Koc) shows that naphthalene has the
lowest value, and thus will travel the fastest in groundwater among the 3 compounds. The Koc
values for naphthalene, biphenyl, and anthracene, are 1,200, 7,800, and 24,000, respectively.
Therefore, because of the relative rate of transport and the relative toxicity of naphthalene, it is
used as the most conservative choice as a proxy for modeling the fate-and-transport of diesel fuel
in groundwater.

Based on the geologic and hydrogeologic description presented in previous reports, the geologic
conditions of the aquifer rhaterials where the groundwater plume is located can be reasonably
conceptualized as a homogeneous system for the purposes of evaluating the effectiveness of
natural attenuation in reducing the concentration of TPH-d (modeled as naphthalene). Therefore,
for all practical purposes of subject modeling, the aquifer is modeled as a single layer consisting
of silty sands.

1.2 MODEL SELECTION

The U.S. Environmental Protection Agency (EPA) BIOSCREEN Natural Attenuation Decision
Support System (EPA, 1996) is an analytical model that simulates remediation through natural

050126 Appendix B-MNA Modeling 1-1 Natural Attenuation Modeling for UST Site 43402
MCB Caenp Pendleion

DCN; SES-TECH-05-0126

CTO No. 0004. Revision |, 09/26:05



attenuation (RNA) of dissolved hydrocarbons at petroleum fuel release sites. The software,
programmed in the Microsoft Excel spreadsheet environment and based on the Domenico
analytical solute transport model, has the ability to simulate advection, dispersion, adsorptiomn,
and aerobic decay that have been shown to be the primary biodegradation processes at many
petroleum release sites. BIOSCREEN includes three different model types:

1. Solute transport without decay
2. Solute transport with biodegradation modeled as a first-order decay process

3. Solute transport with biodegradation modeled as an ‘instantaneous’ reaction

The model is designed to simulate biodegradation by both aerobic and anaerobic reactions. It
was developed for the Air Force Center for Environmental Excellence Technology Transfer
Division at Brooks Air Force Base by Groundwater Services, Inc., Houston, Texas.

The site was modeled using the Type 2 BIOSCREEN model to predict how far TPH-d (modeled
as naphthalene) could migrate before attenuating to levels below the secondary taste and odor
water quality objective (0.1 milligrams per liter (mg/L). The Type 1 and Type 3 BIOSCREEN
models were not used because these models assume that the compound will readily biodegrade,
and naphthalene is not considered readily biodegradable.

The model was used to predict TPH-d concentrations (modeled as naphthalene) over distance,
and the results were compared to the groundwater secondary taste and odor WQO for diesel (0.1

mg/L).

1.3 MODEL CONSTRUCTION

1.3.1 Input Parameters

Model input parameters were based on pertinent past and recent ficld measurements, as well as
literature. Input parameters for the BIOSCREEN model are presented below.

Seepage Velocity

The seepage velocity is the interstitial groundwater velocity, equaling Darcy velocity divided by
effective porosity. Seepage velocity is calculated by multiplying hydraulic conductivity by
hydraulic gradient and dividing by effective porosity. Hydraulic conductivity, hydraulic gradient,
and effective porosity values were input to BIOSCREEN to calculate seepage velocity as listed
below:

e Typical hydraulic conductivitg/ values in the BIOSCREEN help system for silty soils
range from 1 x 10® to 1 x 10” centimeters per second {cm/sec). Model input hydraulic
conductivity of 1 x 107 em/sec was chosen.
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o A hydraulic gradient value of 0.02 feet per foot (ft/ft) based on recent groundwater
level measurements was used.

» Effective porosity of 30 percent (assumed value) was used.

Dispersivity

Dispersion refers to the process whereby a dissolved contaminant wiil be spatiaily distributed.
Dispersivity values were based on the dispersivity estimation calculations provided in the
BIOSCREEN input interface.

o Longitudinal dispersivity = 3.28*0.83[log (plume length/3.28)]>*!*
o Transverse dispersivity = 0.10 * longitudinal dispersivity

o Vertical dispersivity = 0 feet (conservative)
Site data:

The plume length is estimated at approximately 200 feet. Therefore:
o Longitudinal dispersivity = 11 feet
o Transverse dispersivity = 1.1 feet

o Vertical dispersivity = 0 feet (conservative)

Adsorption/Retardation Factors

Adsorption to the soil matrix can reduce the concentration of dissolved contaminants moving
through groundwater. The retardation factor is the ratio of the groundwater seepage velocity to
the rate that organic chemicals migrate in the groundwater. The degree of retardation depends on
both aquifer and constituent properties. The retardation factor is calculated using the following
equation:

R =1+ (Kapo)/n

Where:

R =retardation factor,

Kd = distribution coefficient = Koc * foc

Koc = organic carbon-water partition coefficient
foc = fraction organic carbon

pp = bulk density

n = effective porosity

The Koc value, expressed in milligrams per kilogram (mg/kg), mg/L, liters per kilogram (L/kg),
or milliliters per gram (mL/g), is the chemical-specific partition coefficient between soil organic
carbon and the aqueous phase. Larger values indicate greater affinity of contaminants for the
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organic carbon fraction of soil. For naphthalene, a Koc value of 1,200 L/kg was input (EPA,
1987).

The foc value, which is unitless, is the fraction of the aquifer soil matrix comprised of natural
organic carbon in uncontaminated areas. More natural organic carbon means more adsorption of
organic constituents on the aquifer matrix. Based on site-specific soil testing, a foc value of
0.0013 was selected [Table 2-4 in the Corrective Action Plan (CAP)].

The pp value [expressed in kilograms per liter (kg/L) or grams per cubic centimeter (g/cc)] of the
aquifer matrix is related to porosity and pure solids density. Based on site-specific soil testing, a
py value of 1.71 g/cc was selected (Table 2-3 in the CAP).

As described in the Seepage Velocity section discussion above, the model input ‘n’ value
(porosity) is estimated at 30 percent.

First-order Decay Model

In BIOSCREEN, the first-order decay model assumes that the rate of biodegradation depends on
the concentration of the contaminant and the rate coefficient.

A field half-life period ranging from 1 day to 258 days is reported for naphthalene (Tabak et al.,
1981). However, in order to conservatively estimate the model predicted concentration at the
compliance point, for naphthalene (TPH-d), a highly conservative half-life period of 4 years was
chosen for the BIOSCREEN model input.

Source Zone Concentrations and Dimensions

Source zone concentration, expressed in mg/L, are aqueous phase concentrations in the source
area. The source term corresponds to a vertical source plane, normal to the direction of
groundwater flow, located at the downgradient limit of the area serving as the principal source of
contaminant release to the groundwater.

BIOSCREEN allows up to five partitions of the source zone with different concentrations to
account for spatial variations in the source zone.

The source zone was constructed with a width of 25 feet, consisting of one partition of uniform
concentration of 0.5 mg/l. TPH-d (modeled as naphthalene) (maximum TPH-d concentration
detected during January 2005 sampling event).

Source Thickness In Saturated Zone

The source thickness m the saturated zone (Z) is the thickness in feet of contamination in the
source zone. A Z value equal to 5 feet was input.
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Mass of Contaminant in Source Zone (M)

M; is the summation of the mass of TPH-d (imodeled as naphthalene) in the source zone in the
following phases:

e Dissolved in groundwater
o Groundwater contamination adsorbed to soil

o As non-aqueous phase liquid (NAPL)

The source zone was conservatively conceptualized as 35 feet (length, L), by 25 feet (width, W)
by, 5 feet thick (height, Z). The source zone was assumed to have a uniform, dissclved
concentration in groundwater equal to the concentration of 0.5 mg/L; secondly, an equilibrium
partitioning calculation was performed to calculate the mass of TPH-d (modeled as naphthalene)
adsorbed to soil from groundwater. Thirdly, NAPL was assumed to be zero since free product is
not present at the site. The results of the mass calculations of TPH-d (modeled as naphthalene) in
its three phases are tabularized below:

Concentration | Mass of dissolved- Mass of adsorbed-phase TPH-d | Mass of NAPL
phase TPH-d TPH-d
Cmax =Cmax X LWZxn |=KdxCmaxxLWZx (I-n)xp,y | None
0.5 mg/L. 0.019 kg 0.11499 kg
Total M, TPH-d 0.134 kg

Notes:

mg/L — milligrams per liter

psoil — density of soil particles = 1.7 g/cc

Cmax — maxitmum concentration in pg/L.

foc — fraction of organic carbon = 0.0013

Kd - soil distribution coefficient for naphthalene = foc x Koc (organic carbon partitioning coefficient for

naphthalene)
kg — kilogram
Koc -~ 1200 L/kg

L — length of source zone = 35 feet
n — porosity = 0.30
W — width of source zone = 25 feet

Source Half-life

It is assumed that TPH-d (modeled as naphthalene) in the source zone attenuates primarily by the
passing of fresh groundwater through the source zone (advection) and by biodegradation. The
TPH-d (modeled as naphthalene) mass flux out due to advection is approximated as the
groundwater flow through the source zone multiplied by the source concentration; the TPH-d
(modeled as naphthalene) mass flux out due to biodegradation is approximated similarly as the
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groundwater flow through the source zone multiplied by the biodegradation capacity of the water
expressed in units of TPH-d (modeled as naphthalene) concentration.

With the first-order decay model, the biodegradation capacity is assumed to equal zero at the
source. The algorithm then involves integrating the concentration versus time relationship (first-
order decay) and using the relationship that the mass in the source zone over time is proportional
to the source concentration over time. This yields the following expression for the half-life of the
concentration of dissolved organics in the source zone:

thalfsource = (0-693 * My )/ (Q * CO)

Where:
tharsorce =  Half-life of source concentration
Q =  QGroundwater flow through source zone = seepage velocity x cross
sectional area of source zone
Co =  Effective source zone concentration (observed concentration +
biodegradation capacity for instantaneous reaction assumption) at t = 0
My = Mass of dissolvable organics in source zone at t = 0

The algorithm for finding the half-life of the source zone for the first-order decay model is
incorporated into BIOSCREEN (EPA, 1996).

Model Area Length and Width

The length and width of the model area are the extent of the site downgradient of the source zone
at which the model predicts the concentration profile of TPH-d. The model input is 1,600 feet for
length and 100 feet for width.

Simulation Time

The simulation time is the length of time for which concentrations are to be calculated. Model
input is 100 years.

The source zone and groundwater flow direction are shown in Figure 1-1. The BIOSCREEN
input interface is shown in Exhibit A.

1.3.2 Solution and Results

The solute-transport-with-first-order-biological-decay model (Type 2 model) showed that TPH-d
(modeled as naphthalene) would attenuate to levels below the secondary taste and odor WQO
(0.1 mg/L) within approximately 7 years and not migrate more than 50 feet downgradient of the
source along the plume centerline (Figure 1-2). Thus, TPH-d (modeled as naphthalene) is clearly
not predicted to reach the nearest groundwater supply well located over 3 miles from the site.
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Using this model, the attenuating mechanisms are adsorption, dispersion, advection, and first-
order biological decay.
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BIOSCREEN INPUT INTERFACE
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PERMIT #LMON102872
A.P.N. #101-530-15-00
EST #H95939-059

COUNTY OF SAN DIEGO
DEPARTMENT OF ENVIRONMENTAL HEALTH
LAND AND WATER QUALITY DIVISION

MONITQBING'WEE& PERMIT EXTENSION

SITE NAME: AREA 43, SITE 43402 | | S
SITE ADDRESS: MARINE CORPS BASE, CAMP PENDLETON? ck 92655
PERMIT FOR: 2 SOIL BORINGS.

ORIGENAL EXF’IRATION DATE: .}UNE 42005

3

THIS WEL& PERMIT_HAS BEEN EXTENDED AT THE RE“’?”"*"@TE«;{‘F THE
PERMITEE. ALL CONDITIONS ON THE ORIGINAL OR Momnéa 'PERMIT ARE

STILL IN EFFECT

REQUEST RECEIVED: MAY 31,2005

NEW EXPIRATION DATE: OCTOBER 2, 2005

APPROVED BY: M é/f/a% DATE: 06/01/2005

NOTIFIED: !).M‘MS?’ é/z/"s’ A

DEH:SAM PERMIT EXTENSION FIRST (Rev. 8/03)



SES-TECH

September 20, 2005

Monitoring Well Permit Clerk

Site Assessment and Mitigation Program

County of San Diego, Department of Environmenta) Health
P.O. Box 129261

San Diego, CA 92112-9261

Subject: Permit Completion Notification, UST Site 43402, Marine Corps Base (MCB)
Camp Pendleton, California

Reference: Permit No. LMON 102872
Well Permit Clerk:

Per your request, SES-TECH is submitting the this letter in fulfillment of the conditions of
boring permit number LMON 102872, originally issued on February 4, 2005 and extended on
May 31, 2005. The work was conducted for the following project:

Property Owner: United States Marine Corps
Site Address: UST Site 43402

43 Area, MCB Camp Pendleton, California 92055
Contact Person: Mr. Chet Storrs

Remediation Branch Manager

On July 6, 2005, two direct push soil borings, VSB1 and VSB2, were advance to a total depth of
22 and 23 feet bgs. Following sample collection each boring was backfilled with approximately
0.4 cubic feet if bentonite grout, the surfaces were then completed with concrete (VSB 1) and
asphalt (VSB 2) to match existing conditions. No soil logs were completed for these borings, as
there were no soil cuttings recovered, a boring location map has been attached.

If you have any questions regarding this matter, please contact the undersigned.
Sincerely,

SES-TECH

Mark Cutler, P.G., C.HG.
Project Manger

Attachments:
Boring Location Map

18000 International Boulevard, Suite 1009, Seattle WA 93188
Tel 602 902-441() Fax 902-4004
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Applied P & CH Laboratories
L3760 Magnolia Ave., Chino, CA 91710 APCL Analyticaﬁ Report

Tel: {309} 590-1828 Fax: (909) 590.1498

Submitted to: Service ID #: 801-053299 Received: 07/06/05
Tetra Tech EC, Inc. Collected by: Tamia T .K. Extracted: 07/07-20/05
Attention: Sveda Aleckson Collected on: 07/06/05 Tested:  07/07-21/05
1940 E. Deere Ave. Ste. 200 Revised: 08/29/05
Santa Ana CA 92705 Sample Description: Soil from Camp Pendleton

Tel: (949)756-7500 Fax: (949)756-7583 Project Description: 1990.081E  UST Site 43402

Analysis of Soil Samples

Analysis Result

Component Analyzed Method Unit PQL 0081-080
05-03299-1
MOISTURE ASTM-D2216 YeMoisture 0.5 15
Dilution Factor 10
DIESEL {C10-C24) . 8015R mg/kg 10 3,700
Dilution Factor 20
SPLP DIESEIL (C10-C24) 80158 mg/lL - 0.1 60
VOLATILE ORGANICS
Dilution Factor 100 (@)
ACETONE 8260B uB/ke 50 < 5900
BENZENE 82608 uk/kg 5 <590
BROMODICHLOROMETHANE 8260B uElkg 5 <5490
BROMOFORM 8260B uBlke 5 < 590
BROMOMETHANE 82608 . u&lkg 5 < 590
METHYL ETHYL KETONE (MEK) 8260B uB/kE 50 <5900
CARBON TETRACHLORIDE 8260B p8/ke 5 <590
CHLOROBENZENE 82608 ug/ke 3 <590
CHLORODIBROMOMETHANE 8260B uilke 5 <590
CHLOROETHANE 82608 uBlkg 5 <590
CHLOROTORM 8260B us/kg 5 <590
CHLOROMETHANE 8260B uBlke 5 <580
I,1-DICHLOROETHANE 8260B uBlke 5 <590
1,2-DICHLOROETHANE 82608 uilke 5 <590
1,1-DICHLOROETHENE 8260B uklke 5 <590
CI5-1,2-DICHLOROETHENE 82608 ug/ke 5 <590
TRANS-1,2-DICHLOROETHENE 82608 uBlke 5 <590
1,2-DICHLOROPROPANE 82608 u&lkg 5 <590
CI5-1,3-DICHLOROPROPENE 82608 utlke 5 <590
TRANS-1,3-DICHLOROPROPENE 8260B uB/kg 5 <590
ETHYLBENZENE 82608 uBlke 5 <580
2-HEXANONE 8260B uelke 50 < 5900
METHYLENE CHLORIDE 8260B ui/kg 5 96J
4-METHYL-2-PENTANONE (MIBK) 82608 sB/ ke 50 < 5900
METHYL-T-BUTYL ETHER (MTBE) 8260B ui/kg 10 <1200
STYRENE 8260B ut/kg 5 <3590
1,1,2,2-TETRACHLOROETHANE 8260B uslkg 5 <590
TETRACHLOROETHENE 82608 ne/kg 5 <590
TOLUENE 8260B nB/kg 3 <590
1,1,1-TRICHLOROETHANE 8260B uB/kg 5 < 590
1,1, 2-TRICHLOROETHANE 8260B 4B/ ke 5 <590
TRICHLOROETHENE 82608 uslkg 3 < 590
VINYL ACETATE 8260B uB/kg 50 < 5900
VINYL CHLORIDE 8260B uBlke 5 <590
XYLENES (TOTAL) 82608 ne/ke 15 < 1800
TERT-BUTYL ALCOHOL (TBA) 82608 utfke 50 <5900
DIISOPROPYL ETHER (DIPE) 82608 ug/kg 5 <590
ETHYL TERT-BUTYL ETHER (ETBE) 82608 nB/kg 5 <580
TERT-AMYL METHYL ETHER (TAME} 8260B uB/ke 5 < 590

CADHS ELAP No.: 1431 NELAP No.:02114CA Cl-1553 D005 X 05-32090  Page: 1of 9




Applied P & CH Laboratories

13760 Magnolia Ave., Chino, CA 91710

Tel: (909) 590-1828 "Fax: (909) 500-1498

APCL Analytical Report

Analysis Result

Component Analyzed Method Unit PQL 0081-080
05-03299-1
SPLP VOLATILE ORGANICS
Dilution Factor 1
ACETONE 8260B u&fL 50 <50
BENZENE 82608 ug/L 0.5 <0.5
BROMODICHLOROMETHANE 82608 sB/L 5 <5
BROMOFORM 8260B n&/L <5
BROMOMETHANE 82608 u&/L <5
METHYL ETHYL KETONE (MEK) _ 82608 uB/L 50 <50
‘CARBON TETRACHLORIDE 8260B ug/L 0.5 <0.5
CHLOROBENZENE 8260B u8/L © B <5
CHLORODIBROMOMETHANE 82608 ug/L 5 <5
CHLOROETHANE 82608 HE/L 5 <5
CHLOROTFORM 8260B ug/L 5 <5
CHLOROMETHANE _ 82608 ug/L 5 <5
1,1-DICHLORQETHANE 82608 ug/L 5 <35
1,2-DICHLOROETHANE 8260B ufL 0.5 <0.5
1,1-DICHLORQETHENE 8260B u&/L 5 <5
CIS-1,2-DICHLOROETHENE 82608 u&fl 5 <5
TRANS-1,2-DICHLCROETHENE 82608 u8/L 5 <5
1,2-DICHLOROPROQPANE B260B uB/L 5 <5
CIS-1,3-DICHLOROPROPENE 82608 ug/L 0.5 <0.5
TRANS-1,3-DICHLOROPROPENE 8260B ug/L 0.5 <05
ETHYLBENZENE 8260B ug/L 0.5 <0.5
2-HEXANONE 8260B JE/L 50 <50
METHYLENE CHLORIDE 8260B uB/L 5 1J
4-METHYL-2-PENTANONE (MIBK) 8260B us/L 50 <50
METHYL-T-BUTYL ETHER {(MTBE) 8260B w8/ L 1 <1
STYRENE 82608 ug/L 5 <5
1,1,2,2-TETRACHLOROETHANE 8260B u&/L 1 <1
TETRACHLOROETHENE 8260B #E/L 5 <5
TOLUENE 8260B 48/L 0.65 (¢) <0.85
1L,1,1-TRICHLOROETHANE 82608 ug/L 5 <5
I,1,22TRICHLORCETHANE 8260B »&/L 5 <5
TRICHLOROETHENE 82608 u8/L 5 <5
VINYL ACETATE 8260B ug/L 50 <50
VINYL CHLORIDE 8260B #&/L 0.5 <0.5
‘XKYLENES (TOTAL) 8260B 2&/L 5 <5
TERT-BUTYL ALCOHOQL (TBA) 82608 uifL 20 <20
DIISOPROPYL ETHER (DIPE) 8260B u&/L 5 <5
ETHYL TERT-BUTYL ETHER (ETBE) 82608 u8/L 5 <5
TERT-AMYL METHYL ETHER (TAME) 82608 ug/L 5 <5

CADHS ELAP No.: 1431 NELAP No.:02114CA

Cl-1553 Doos N 05-3295

Page: 2 of 9



Applied P & CH Laboratories
13760 Magnolia Ave., Chino, CA 91710 APCL Anaiytical Repﬂl‘t

Tel: (909) 590-1828 Fax; (909) 590.1498

Analysis Result

Component Analyzed Method Unit PQL 0081-080
05-03299-1

PAH
Dilution Factor 1000 (@)
ACENAPHTHENE 8270-5IM ut/ks 5 < 5900
ACENAPHTHYLENE 8270-SIM uglke 5 < 5900
ANTHRACENE 8270-S5IM 18lke ) <5560
BENZO(A)ANTHRACENE 8270-5TM ut/kg 5 < 5900
BENZO(A)PYRENE 8270-SIM pElks 5 < 5900
BENZO(B)FLUORANTHENE 8270-SIM uB/ke 5 < 5900
BENZO(G,H,I)PERYLENE 8270-SIM uB/ke 5 < 5900
BENZO(K)FLUORANTHENE - 8270-SIM ug/ke 5 < 5900
CHRYSENE 8270-SIM uB/ke 5 < 5900
FLUORANTHENE 8270-SIM uBlkeg -5 < 5900
FLUQRENE 8270-SIM u&/kg 5 <5900
INDENO(1,2,3-C,D}PYRENE 8270-SIM uB/kg 5 < 5900
-METHYLNAPHTHALENE 8270-5IM sB/ke 5 < 5900
NAPHTHALENE §270-SIM uB/ke 5 < 5900
PHENANTHRENE 8270-STM u8/ke 3 < 5900
PYRENE 8270-SIM ut/ke 5 < 5900

SPLP PAH
Diletion Factor , 100 (#)
ACENAPHTHENE 8270-S1M s&/L 0.2 <20
ACENAPHTHYLENE 8270-SIM n&/L 0.2 <20
ANTHRACENE 8270-5IM ng/L 0.2 <20
BENZO{A)JANTHRAGCENE 8270-5IM ug/L 0.2 <20
BENZO(A)PYRENE 8270-SIM u&/L 0.2 <20
BENZO(B)FLUORANTHENE 8270-51M ug&/L 0.1 <10
BENZO(G,H,[)PERYLENE 8270-SIM ug/L 0.1 <10
BENZO(K)FLUORANTHENE 8270-STM ug/L 0.1 <10
CHRYSENE 8270-STM ue/L 0.1 <10
DIBENZ(A,H)ANTHRACENE 8270-5IM s8/L 0.1 <10
FLUORANTHENE §270-SIM w8/l 0.1 <10
FLUORENE 8270-SIM u8/L 0.1 <10
INDENO(1,2,3-C,D)PYRENE 8270-SIM ug/L 0.1 <10
2-METHYLNAPHTHALENE 8270-5IM uefL 6.1 <10
NAPHTHALENE 8270-SIM ug/L 0.1 <10
PHENANTHRENE §270-S1M ug/L 0.1 <10
PYRENE 8270-5IM ug/L 0.2 <20

Analysis Result

Component Analyzed Method Unit PQL 0081-081
05-03299-2
MOISTURE ASTM-D2218 %Moisture 0.5 14
Dilution Factor 10
DIESEL {C10-C24) 80158 mg/kg 10 760
Dilution Factor ' 50
SPLP DIESEL (C10-C24) 8015B mg/L 0.1 72

CADHS ELAP No.: 1431  NELAP No.:02114CA Cl-1553 D005 N 05-32090]  Page: 30r 9



Applied P & CH Laboratories
13760 Magnolia Ave., Chino, CA 91710 APCL Analyticai Report

Tel: (9049) 590-1828 Fax: (909) 590-1498

Analysis Result

Component Analyzed Methed Unit PQL 0081-081
05-03299-2
VOLATILE ORGANICS

Dilution Factor 0.88
ACETONE 82608 ug/kg 50 481
BENZENE 8260B uB/kg 5 <5.1
BROMODICHLOROMETHANE 8260B pi/ke 5 <5.1
BROMOFORM 82608 ullke 5 <5.1
BROMOMETHANE 82608 uE/kg 5 <5.1
METHYL ETHYL KETONE (MEK) - 8260B ui/ke 50 <51
CARBON TETRACHLORIDE 8260B us/ke 5 <5.1
CHLOROBENZENE 82608 p&lke 5 <5.1
CHLORODIBROMOMETHANE 82608 ug/kg 5 <5.1
CHLOROETHANE 82608 ui/kg 5 <5.1
CHLOROFOQRM 82608 se/ke 5 <5.1
CHLOROMETHANE 8260B uB/kg 5 <5.1
1,1-DICHLOROETHANE 82608 w&/ ke 5 <5.1
1,2-DICHLORQETHANE 82608 ug/ke 5 <5.1
1,I-DICHLOROETHENE 82608 ukfke 5 <5.1
C15-1,2-DICHLOROETHENE 8260B wifke 5 <5.1
TRANS-1,2-DICHLOROETHENE 8260B wE/kg 5 <5.1
1,2-DICHLOROPROPANE 82608 uElke 5 <5.1
CIS-1,3-DICHLOROPROPENE 82608 p&lke 5 <5.1
TRANS-1,3-DICHLOROPROPENE 8260B uB/kg 5 <5.1
ETHYLBENZENE 82608 ue/ke 5 <5.1
2-HEXANONE 82608 nB/kg 50 <51
METHYLENE CHLORIDE 82608 pg/kg 5 5

4-METHYL-2-PENTANONE (MIBK) 82608 pifkg 50 <51
METHYL-T-BUTYL ETHER (MTBE) 82608 ue/ke 10 <10
STYRENE 8260B usfkg 5 <51
1,1,2,2-TETRACHLOROETHANE 8260B uB/kg 5 <5l
TETRACHLOROETHENE 8260B uslkg 5 <5.1
TOLUENE 8260B silkg 5 <5.1
1,1,1-TRICHLOROCETHANE 82608 ue/ke 5 <5.1
1,1,2-TRICHLOROETHANE 82608 ub/kg 5 <5.1
TRICHLOROETHENE 82608 u&/kg 5 <5.1
VINYL ACETATE 82608 uB/kg 50 <51
VINYL CHLORIDE 8260B uBlkg 5 <51
XYLENES (TOTAL) 82608 ufkg 15 <15
TERT-BUTYL ALCOHOL (TBA) 8260B u8/ke 30 <51
DISOPROPYL ETHER {DIPL) 82608 ue/kg 5 <5.1
ETHYL TERT-BUTYL ETHER (ETBE) 82608 nelkg 5 <5.1
TERT-AMYL METHYL ETHER (TAME) 8260B uBl ke 5 <5.1

CADHS ELAP No.: 1431 NELAP No.:02114CA Cl-1553 D005 N 05632090,  Page: 4 of 9



Applied P & CH Laboratories
13760 Magnolia Ave., Chine, CA 91710 APCL Analytical Report

Tel: {909) 580-1828 Fax: (309) 590-1498

Analysis Resuit

Component Analyzed Method Unit PQL 0081-081
05-03299-2
SPLP VOLATILE ORGANICS
Dilution Factor 1
ACETONE 82608 u&/L 50 <50
BENZENE . 82608 u&/L 0.5 <0.5
BROMODICHLOROMETHANE 82608 s/ L 5 <5
BROMOFORM 82608 u8/L 5 <5
BROMOMETHANE 82608 ng/L 5 <5
METHYL ETHYL KETONE (MEK) . 82608 ug/L 50 <50
CARBON TETRACHLORIDE 82608 ug/L 0.5 <0.5
CHLOROBENZENE 8260B u&/L © 5 <5
CHLORODIBROMOMETHANE 82608 ugfL 5 <5
CHLOROETHANE 8260B ug/L 5 <3
CHLOROFORM 82608 ue/L 5 <5
CHLOROMETHANE 8260B »&/L 5 <5
1,1-DICHLORCETHANE 8260B n&/L 5 <5
1,2-DICHLOROETHANE 8260B x8/L 0.5 <0.5
1,1-DICHLOROCETHENE 8260B #E/L 5 <5
CIS-1,2-DICHLOROETHENE 82608 pE/L 5 <5
TRANS-1,2-DICHLOROETHENE 82608 w&/L 5 <5
1, 2-DICHLOROPROPANE 82608 ug/L 5 <5
CI5-1,3-DICHLORCPROPENE 82601 nE/L 0.5 <0.5
TRANS-1,3-DICHLOROQPROPENE 82608 ugfl 0.5 <0.5
ETHYLBENZENE 8260B ut/L 0.5 <0.5
2.HEXANONE 82608 ug/L 50 <50
METHYLENE CHLORIDE 82608 ut/L 5 1J
4-METHYL-2-PENTANONE (MIBK) 8260B ug/L 50 <50
METHYL-T-BUTYL ETHER (MTBE) 8260B ugfL 1 <1
STYRENE 82608 uE/L 5 <5
1,1,2,2-TETRACHLOROETHANE 82601 ug/L 1 <1
TETRACHLORCETHENE 82608 ug/L 5 <3
TOLUENE 8260B 48/L 0.65 (¢) <0.65
1,1,1-TRICHLOROETHANE 82608 ug/L 5 <5
1,1,2-TRICHLOROETHANE 82608 uB/L 5 <5
TRICHLORCETHENE 82608 »8/L 5 <5
VINYL ACETATE 82608 u&/L 50 <50
VINYL CHLORIDE 82608 ug/L 0.5 <{.5
XYLENES (TOTAL) 32608 ug/L 5 <5
TERT-BUTYL ALCOHOL (TBA) 82608 x&/L 20 <20
DIISOPROPYL ETHER (DIPE) 82608 #&/L 5 <5
ETHYL TERT-BUTYL ETHER (ETBE) 82608 ug/L 5 <5
TERT-AMYL METHYL ETHER (TAME) 8260B uB/L 5 <5

CADHS ELAP No.: 1431 NELAP Ne.:02114CA Cl-i553 D005 N 05-3289 L  Page: 50f 8



Applied P & CH Laboratories

[3760 Magnolia Ave., Chino, CA 91710
Tel: (909} 590-1828 Fax: (909) 590-1498

APCL Analytical Report

Analysis Result

Component Analyzed Method Unit PQL 0081-081
05-03299-2
PAH
Dilution Factor 100 (a)
ACENAPHTHENE 8270-5TM s8lkg 5 < 580
ACENAPHTHYLENE 8270-SIM uglkg 5 <580
ANTHRACENE 8270-5IM sBlke 5 < 580
BENZO(AJANTHRACENE 8270-5IM pElke 5 <580
BENZO(A)PYRENE 8270-S5IM utfkg 5 <580
BENZO{B)FLUORANTHENE 8270-SIM uBlkg 5 <580
BENZO(G,H,I)PERYLENE 8270-S1M ue/kg 5 < 580
BENZO(K)YFLUORANTHENE T B270.8IM uglkg 5 < 580
CHRYSENE 8270-5IM uglke 5 <580
FLGUORANTHENE 8270-5IM ug/ke ‘5 <580
FLUORENE 8270-5IM uEfke 5 <580
INDENO(1,2,3-C,D)PYRENE 8270-SIM uB/ke 5 <580
METHYLNAPHTHALENE 8270-SIM ug/ke 5 <580
NAPHTHALENE 8270-S1M uBlke 5 < 580
PHENANTHRENE 8270-81M uB/kg 5 <580
PYRENE 8270-SIM uB/ke 5 <580
SPLP PAH
Dilution Factor 100
ACENAPHTHENE 8270-SIM uBfL 0.2 <20
ACENAPHTHYLENE 8270-SIM ng/L 0.2 <20
ANTHRACENE 8270-SIM ugfL 0.2 <20
BENZO(A)ANTHRACENE 8270-SIM ug/L 0.2 <20
BENZO(AYPYRENE 8270-SIM uB/L 0.2 <20
BENZO(B)FLUORANTHENE 8270-SIM ng/L 0.1 <10
BENZO(G,H,l)PERYLENE 8270-SIM uB/L 0.1 <10
BENZO(K)FLUORANTHENE 8270-5IM u/L 0.1 <10
CHRYSENE 8270-5IM ut/L 0.1 <10
DIBENZ(A,H)JANTHRACENE 8270-5IM ug/L ¢.1 <10
FLUORANTHENE 8270-SIM ug/L 0.1 <10
FLUORENE 8270-SIM us/L 0.1 <10
INDENO(1,2,3-C,D)PYRENE 8270-SIM us/L 0.1 <10
2-METHYLNAPHTHALENE 8270-SIM u8/L 0.1 <10
NAPHTHALENE 8270-SIM uB L 0.1 <10
PHENANTHRENE 8270-SIM ugfL 0.1 <10
PYRENE 8270-51M sg/L 0.2 <20
Analysis Result
Component Analyzed Method Unit PQL 0081-082
’ 05-03299-3
MOISTURE ASTM-D2216 “%Moisture 0.5 19
Dilution Factor 1
DIESEL (C10-C24) 8015B mg/kg 10 12J
Dilution Factor 1
SPLP DIESEL (C10¢-C24) 8015B mg/L 0.1 0.3

CADHS ELAP No.: 143]

NELAP No.:02114CA

Cl-1653 Do0s N 05-3298]  Page: 6of 9



Applied P & CH Laboratories
13760 Magnolia Ave., Chino, CA 91710 APCL Anaiytical Report

Tei: (909) 5901828 Fax: (509) 590-1498

Analysis Result

Component Analyzed Method Unit PQL 0081-082
05-03299-3
VOLATILE ORGANICS

Dilution Factor 0.86
ACETONE 8260B uBf ke 50 20J
BENZENE 8260B uk/ke ] <5.3
BROMODICHLOROMETHANE 82608 u8/kg 5 <5.3
BROMOFORM 8260B uBlkg 5 <5.3
BROMOMETHANE 8260B pi/ke 5 <5.3
METHYL ETHYL KETONE (MEK) . 8260B ut/ke 50 <53
CARBON TETRACHLORIDE 82608 ne/kg 5 <5.3
CHLOROBENZENE 8260B n&/kg * 5 <5.3
CHLORODIBROMOMETHANE 8260B ue/kg 5 <5.3
CHLOROETHANE 8260B uB/kg 5 <5.3
CHLORGFORM 8260B u/kg 5 <53
CHLOROMETHANE 82608 utlkg 5 <5.3
1,1-DICHLOROETHANE 82608 s&/kg 5 <5.3
1,2-DICHLOROETHANE 82608 uglke 5 <53
1,1-DICHLOROETHENE 82608 uBlke 5 <5.3
CIS-1,2-DICHLORQETHENE 32608 pefke 5 <5.3
TRANS-1,2-DICHLOROETHENE 8260B sEl ke 5 <5.3
1,2.DICHLOROPROPANE - 82608 ui/kg 5 5.3
CIS-1,3-DICHLOROPROFENE 82608 sB/kg 5 <5.3
TRANS-1,3-DICHLOROPROPENE 82608 uB/ke 5 <5.3
ETHYLBENZENE 82608 uElke 5 <5.3
2-HEXANONE 82608 ug/ke 50 <53
METHYLENE CHLORIDE 82608 uB/kg 5 aJ

4-METHYL-2-PENTANONE (MIBK) 8260B u&/ke 50 13

METHYL-T-BUTYL ETHER (MTBE) 82608 uB/kg 10 <11
STYRENE 8260B uB/kg 5 <5.3
1,1,2,22TETRACHLOROETHANE 82608 ug/kg 5 <5.3
TETRACHLOROETHENE 8260B u8/ke 5 <5.3
TOLUENE 8260B uB/ke 5 <5.3
1,1,1-TRICHLOROETHANE 8260B uEfkg 5 <5.3
1,1, 22TRICHLOROETHANE 8260B ug/kg 5 5.3
TRICHLOROETHENE 82608 uslke 5 <5.3
VINYL ACETATE 82608 uB/ke 50 <53
VINYL CHLCRIDE 8260B uB/kg 5 <53
XYLENES (TOTAL) 8260B ug/kg 15 <16
TERT-BUTYL ALCOHOQL (TBA) 8260B wE/ke 50 <53
DIISOPROPYL ETHER (DIFE) 82608 uk/kg 5 <5.3
ETHYL TERT-BUTYL ETHER (ETBE) 82608 uE/ke 5 <5.3
TERT-AMYL METHYL ETHER (TAME) 8260B ug/kg 5 <5.3
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Applied P & CH Laboratories
13760 Magnolia Ave., Ghino, CA 91710 APCL Analyticag Report

Tel: {909) 580-1828 Fax: (909) 590-1498

Analysis Result

Component Analyzed Method Unit PQL (081-082
05-03299-3
SPLP VOLATILE ORGANICS
Dilution Factor 1
ACETONE ) 82608 ug/L 50 <50
BENZENE 82608 us/L 0.5 <0.5
BROMODICHLOROMETHANE 82608 uslL 5 <5
BROMOFORM 8260B sefL 5 <5
BROMOMETHANE 8260B u8/L 5 <5
METHYL ETHYL KETONE (MEK) . 8260B ug/L 50 <50
CARBON TETRACHLORIDE 82608 pB/L 0.5 <0.5
CHLORCBENZENE 82608 wg/L © 5 <5
CHLORODIBROMOMETHANE 8260B ut/L 5 <5
CHLOROETHANE 8260R u&/L 5 <3
CHLOROFORM B260B uB/L 5 <5
CHLOROMETHANE 8260B u&/L 5 <5
1L,1-DICHLOROETHANE 8260B »&/L 5 <5
1,2-DICHLORQETHANE 8260B #8/L 0.5 <0.5
1,1-DICHLOROETHENE 82608 a8/L 5 <5
CIS-1,2-DICHLOROETHENE 82608 ug/L 5 <5
TRANS-1,2-DICHLOROETHENE 8260B ugfL 5 <5
1,2-DICHLOROPROPANE 82608 ug/L 5 . <5
CI5-1,3-DICHLOROPROPENE 82608 ug/L 0.5 <0.5
TRANS-1,3-DICHLOROPROPENE 82608 uB/L 0.5 <0.5
ETHYLBENZENE 8260B ug/L 0.5 <0.5
2-HEXANONE 8260B u8/L 50 <50
METHYLENE CHLORIDE 8260B #&/L 5 23
4-METHYL-2-PENTANONE (MIBK) 8260B n&/L 50 <50
METHYL-T-BUTYL ETHER (MTBE) 8260B ul/L 1 <1
STYRENE 8260B ug/L 5 <5
1,1,2,2-TETRACHLOROETHANE 82608 ug/L 1 <1
TETRACHLOROETHENE 82608 ug/L 5 <5
TOLUENE 8260B 42/L 0.65 (¥) <0.85
1,1,1-TRICHLORCETHANE 8260B ug/L 5 <5
1,1,2-TRICHLOROETHANE 82608 u&/L 5 <5
TRICHLORCETHENE 82608 ug/L 5 <5
VINYL ACETATE 82608 ug/L 50 < 50
VINYL CHLORIDE 82608 ug/L Q.5 <0.5
XYLENES (TOTAL) 82608 uB8/L 5 <5
TERT-BUTYL ALCOHOL (TBA} 8260B uB/L 20 <20
DIISOPROPYL ETHER (DIPE) 82608 &/ L 5 <5
ETHYL TERT-BUTYL ETHER (ETBE) 82608 uB/L 5 <5
TERT-AMYL METHYL ETHER (TAME) 82608 ute/L 5 <5
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Applied P & CH Laboratories
13760 Magnolia Ave., Chino, CA 91710 APCL Anaiytical Report

Tel: (909) 590-1828 Fax: (909) 590-1498

Analysis Result

Component Analyzed Method Unit PQL 0081-082
05-03299-3

PAH
Dilution Factor 1
ACENAPHTHENE 8270-5IM uBlkg 5 <6.2
ACENAPHTHYLENE 8270.5IM uB/kg 5 <6.2
ANTHRACENE 8270-SIM unglke 3 <6.2
BENZO{AJANTHRACENE 8270-SIM ut/ke 5 <6.2
BENZO{A)PYRENE 8270-5IM ug/kg 5 <B.2
BENZO(B)FLUORANTHENE 8270-SIM ui/kg 5 <6.2
BENZO(G,H,I)PERYLENE 8270-SIM uB/kg 5 <6.2
BENZO{K)FLUORANTHENE 8270-SIM s8/kg 5 <86.2
CHRYSENE - 8270-SIM uB/kg 5 <6.2
DIBENZ(A H)ANTHRACENE 8270-SIM uB/ke 5 3]
FLUORANTHENE 8270-SIM ui/ke 5 <6.2
FLUORENE 8270-SIM uk/kg 5 <6.2
INDENO(1,2,3-C,D)PYRENE 8270-5IM uB/kE 5 6.2
2-METHYLNAPHTHALENE 8270-SIM ug/ke 5 <6.2
NAPHTHALENE 8270-8IM uB/ke 5 <B.2
PHENANTHRENE 8270-SIM nilke 5 <6.2
PYRENE 8270-5IM ne/kg 5 <6.2

SPLP PAH
Dilution Factor 1
ACENAPHTHENE 8270-5IM ug/L 0.2 <0.2
ACENAPHTHYLENE 8270-5IM ug/L 0.2 <0.2
ANTHRACENE $270-S5IM us/L 0.2 <0.2
BENZO(AYANTHRACENE 8270-SiM ue/L 0.2 <0.2
BENZO{A)PYRENE 8270-SIM #e/L 0.2 <0.2
BENZO(B)FLUORANTHENE 8270-SIM ug/L 0.1 <0.1
BENZO(G,H,[)PERYLENE 8270-SIM «B/L 0.1 <01
BENZOG(K)FLUORANTHENE 8270-5IM s&/L 0.1 <01
CHRYSENE 8270-SIM #&/L 0.1 <0.1
DIBENZ(A,H)ANTHRACENE 8270-SIM uBfL 0.1 <0.1
FLUORANTHENE 8270-SIM u&/L 0.1 <0.1
FLUORENE §270-SIM w&/L 0.1 <0.1
INDENO(1,2,3-C,D)PYRENE 8270-5IM ug/L 0.1 <0.1
2-METHYLNAPHTHALENE 8270-SIM ug/L 0.1 <0.1
NAPHTHALENE 8270-8IM uB/L 0.1 <01
PHENANTHRENE 8270-SIM #E/L 0.1 <0.1
PYRENE 8270-SIM »8/L 0.2 <0.2

PQL: Practical Quantitation Limit. MDL: Method Detection Limit. CRDI.: Contract Required Detection Limit
N.D.: Not Detected or less than the practical quantitation limit. “": Analysis is not required.

J: Reported between PQL and MDI,.

i‘ All results are reported on dry basis for soil samples.

Listed Dilution Factors (DF) are relative to the method default DF. All unlisted DFs are 1.0

(a) Saraple contain high concentration in Fuel Hydrocarbon, dilution was necessary

) MDL reported.

Laboralir irector

Appiied & CH Laboratories
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Appliecl P & CH Laboratories )
13760 Magnolia Ave., Chino CA 91710 C ase Narrat lve

Tel: (909) 590-1828 Fanx: (909} 590-1498

Project: UST Site 43402/Camp Pendleton/1990.081E
For Tetra Tech FW, Inc.
APCL Service No: 05-3299

1. Sample Identification
The sample identifications are listed in the following table:

Tetra Tech FW, Inc. Sample ID APCL Sample ID
0081-080 05-03299-1
0081-081 - 05-03299-2

0081-082 05-03299-3

2. Analytical Methodology
Samples are analyzed by EPA methods
MB8O15E (TPH: Diesel ),
8260B (Volatile organics ),
PAH-SIM (PAH ),
ASTM-D2216 (Moisture, percent in soil ),
3. Holding Time

All samples were extracted, digested and analyzed within the holding times defined by the appropriate EPA
methods of the analyses,

4. Preservation

All samples were preserved and stored according to the appropriate EPA methods.
5. Tele-log

Email requesting additional SPLP analyses.

6. Anomaly

(1) SW8270C, SIM, PAH:

All samples and SPLP extracts contained high levels of fuel compounds, and were diluted 100 or 1000
times prior to analyses, in order to reduce matrix interference, Surrogates recoveries in the samples were outside
of control {imits, they were diluted out.

CADHS ELAP No: 1431 APCL Case Narrative: 05-3299  D8/04/2005 Page: 1



"I certify that these data are technically accurate, complete, and in compliance with the terms and condi-

tions of the contract, for other than the conditions detailed above. Release of the data contained in the hardcopy

data package and its electronic data deliverable submitted on diskette had been authorized by the Laboratory

Manager or her/his designee, as verified by the following signature.”

CADHS ELAP Ho:

1431

APCL Case Narrative; 05-3299

08042005

Respectfully submitted,

Regina Kirakozova
Associate QA /QC Director
Applied P & CH Laboratories
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (951) 788-0808; Fax: (951) 788-8011

LABORATORY
ANALYTICAL REPORT

PROJECT Site 43402/1990081E
Lab Project No. RO5G0025

Report Date: August 11, 2005

Revision 0

Prepared For:

Mark Losi
Tetra Tech
1940 E. Deere Street, Suite 200
Santa Ana, CA 92705
Tel: (949) 756 — 7526
Fax: (949) 756 — 7560
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507
Tel: (951) 788-0808; Fax: (951) 788-8011

August 11, 2005
Project No. 1990081E

Tetra Tech

Attention: Mark Losi
1940 E. Deere Street
Santa Ana, CA 92705

Dear Mark Losi:

This report contains the test results for the soil/groundwater sample(s) from Project No.
1990081E received under chain of custody by the Center for Environmental Microbiology
(CEM) on July 6, 2005. These samples are associated with our Laboratory Project No.
R05G0025. Test results are based on analyses specified on the analytical report
[following page(s)]. The original report for any subcontracted analysis is provided
herein.

All applicable quality control procedures met laboratory-specified acceptance criteria.
There were no deviations from the laboratory procedures.

This report may only be reproduced in full, with the written approval of CEM. This cover
letter is an integral part of the analytical report.

If you have any questions, please feel free to call me at (951) 788-0808, or by e-mail at
biocenter@biocem.com.

Sincerely,
William T. Frankenberger, Jr. Ph.D.

Laboratory Director

cc: Project File
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CENTER FOR ENVIRONMENTAL MICROBIOLOGY

555 Technology Court, Suite 100, Riverside, CA 92507 Analytical Report
Tel: (951) 788-0808; Fax: (951) 786-8011

Client: Tetra Tech CEM Project Number: R05G0025
-Project; Site 43402/1990081E Date Sampled: 07/06/2005
Media: Buik Date Received: 07/06/2005
Media Type: Soil Date Analyzed: 07/20/2005
Analyst: C. Le/ M. Johnson
(Fab Sample 1D Analysis
0081-080
(R05G0025-1) | Hydrocarbon Oxidizing Microbial Proprietary 3.0x10" 4.3x10* MPN/g
Population
Total Heterotrophic Plate Count SM 9215B 3.0x10% 2.9x10° | CFU/g
Orthophesphate — Phosphorous EPA 365.2 0.2 14.8 mg/Kg
Ammonium — Nitrogen EPA 350.2 5.0 <50 mglKg
Nitrate — Nitrogen 84-3.4.3.21% 0.5 4.8 mg/Kg
0081-081
(RO5G0025-2) Hydrocarbon Oxidizing Microbial Proprietary 3.0x10" 9.3Ex10" | MPN/g
Population
Total Heterotrophic Plate Count SM 92158 3.0x10% 3.3x10° | CFU/g
Orthophosphate — Phaosphorous EPA 365.2 0.2 5.0 mg/Kg
Ammonium — Nitrogen EPA 350.2 5.0 <50 mg/Kg
Nitrate ~ Nitrogen 84-3.4.3.2% 0.5 4.2 mg/Kg'
0081-082
(RO5G0025-3) Hydrocarbon Oxidizing Microbial Proprietary 3.0x10" 3.6x10" | MPN/g
Population
Total Heterotrophic Plate Count SM 92158 3.0x10° 1.8x10* | CFU/g
Orthophosphate — Phosphorous EPA 365.2 0.2 12.4 mg/Kg
Ammonium — Nifrogen EPA 350.2 50 8.2 mg/Kg
Nitrate — Nitrogen 84-3.4.3.2(2) 0.5 7.6 mg/Kg
LEGEND

CFU - Colony Forming Units;  MPN - Most Probable Number; g — gram:; mg - mitligrams;  Kg - kilogram;  mL ~ millifiters;
N/A — Not applicable; TNTC - Too Numerous to Count; OBSC - Obscured Colonies;  RPD - Refative Percent Difference

Notes: ISubcontracted analysis
(#Methods of Soit Analysis, Chemical and Microbiological Properties, 2 Edition, 1986. Black. C.A.
These data are intended to be interpreted in conjunction with the information presented in the cover letter of this report.
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